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BOOK III. 

CHAPTER III. 

Descrip t ioruof the Preparation Processes of a Cotton 
Mill . 

SECTION I. 

Cleaning, Picking, Scutching, Blowing, and Lapping Machine*. 

Were cotton wool delivered to the spinner in the same 
state as it exists in the pods of the plant, it would 
be found sufficiently open and clean to undergo imme- 
diately the carding operation ; # but, as we hage shown in 
treating of the husbandry of qotton, the wool has to be 
compressed so strongly in bags, in order to facilitate 
its transport Trom the place of its growth to that of its 
manufacture, as to cause a matting together and 
entanglement of its filaments in tufts, which must be 
carefully undone before it is presented to the teeth of the 
cards, which would tear the matted filaments asunder, 
and ruin the staple. 

The first operation of a cotton-mill therefore is to 
open up the cotton into ^ts original spongy state? and 
at the same time to shake out any earthy or vegetable 
matters which may have been accidentally mixed with 
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it. As perfect uniformity is a prime quality in yarn, 
and as this will depend not a little upon the uniformity 
of the wool, this object is promoted by mixing toge- 
ther the contents of several bales of the same kind of 
cotton into one heap, commonly called a bing. The 
wool from every bag should be evenly spreacl in a 
stratum on a clean mat, so that, wher several such 
strata are piled over each other, a section of them 
from top to bottom will afford an average of the whole 
stock. A tool like a hay-rake is sometimes emplo) ed 
to draw down and teaze asunder the agglomerated 
mass of cotton as it is wanted for the picking and other 
cleaning processes. Much skill may be shown in the 
suitable intermixture of different kinds of cotton, in 
order to improve a weak-stapled quality, and make it 
work into good yarn. Soft, short, riband-like filaments 
are best adapted for spinning into wefts; firm, long, and 
cylindrical ones are best adapted for making the wiry 
warps and lace-thread yams. Cottons which differ 
much in the length of their staple and form of their 
fibres do not draw, rove, or spin well together. -To 
make this choice with fiqal precision, the tact of the 
fingers should be aided by the power of the micro- 
scope. C.oars© wefts are made from Sur&ts, Bengals, 
and the inferior Uplands, with waste tops from the 
blowing machine ; but the better wefts for muslins 
require the finer staples of Bahia, Demerara, New 
Orleans, and the inferior Sea-islands. Warps are spun 
ffom New Orleans, Egyptian, Maranham, Pernara- 
and Sea-island, &c. The mixture of cottons of 
different ’qualities is very conveniently done by an 
apparatus attached to the lapping machine, as will be 
explained in its place. 
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Pine cotton, such as the best Sea-island, is gene- 
rally cleaned and opened at first by the hand-labour 
of women and children. For this purpose it is spread 
in small quantities at a time on an elastic table of 
tesselated cords, called a flake , through the meshes of 
which the seeds and dust are made to fall, by beating 
it with slendei*rods or wands, while the spring of the 
table helps # to open out the knots. Such impuri- 
ties as resist this separating process are removed by 
the fingers. 

Various machines for accomplishing the same ob- 
ject have been contrived. One of the earliest and 
most ingenious was that of Bowden, in which a 
parallel series of rods was made to strike upon a 
flake-table of cords, in imitation of beating by a num- 
ber of hands. It was patented in 1801 ; but, being 
somewhat complicated and violent in its action, it did 
not keep its ground in the factories, though it was a 
powerful automaton. Each rod, after inflicting a flat 
blow, was drawn horizontally backwards by a sliding 
motion, and then raised vertically to discharge another 
blow by the power of a spring, suddenly disengaged. 

The Willow is the first machine in general use at 
present for opening out the entangled flocks of cotton 
wool, fcts object is to clean the cotton slightly, 
by a sort of winnowing action, which led me to sup- 
pose that the name of the machine had been originally 
winnow. But M. Bourcart, an eminent cotton manu- 
facturer at Guebwiller, ip. Alsace, informed me, that a 
cylindrical cage, made of willows, with a rotatory 
axis and cross arms, had been employed of old in 
Normandy for cleaning cotton, and probably sheep’s 
wool, under the name of le panzer de Normandie • 
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This simple mechanism, as obligingly sketched for 
me by him, is represented in fig. 22. It is undoubt- 
edly the original of the English willow, both in form 
and denomination. The cotton is put in at the hopper, 
A, near the upper end, and on turning round the axis 
by a handle, or the pulley, B, by a band, it tumbles 
down the inclined plane, and falls out at dhe bottom, C, 
discharging through the interstices 8f the willow wands 
the earthy impurities in its progress. 










Fig.M.«— The primitive Willow of Normandy, 


The willow, as now used* in the English cotton fac- 
tories, is shown in figs. 23, and 24. Fig. 23 represents 
the front view, or working face; fig. 24 shows the cross 
section. The machine consists of a rectangular frame, 
A, fig. 24, revolving in the direction of the arrow, upon 
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its axis, B, which turns in bearings fixed to the frame, 
C, Cj fig. 23. Upon the shaft or axis, exterior to the 
frame, are two pulleys, D, D, the first fast and the 
second loose— -the former of which is called the steam- 
pulley^ in the factories, being that which puts the 
machine in gear or connexion with the steam power. 
This pulley derives motion from a strap in communi- 
cation with the general shafting of the mill, as has 
been explained in the preceding chapter. Upon the 
four edges of the square revolving frame, A, are fixed 
a series of iron pins or pegs, which in the rotation pass 
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Fig. 93.— Square-framed Willow. Front View. 

Scale* three-fourths of an inch to the foot. 

between other similar pins, fixed to the inner surface 
of them-antle, or case, E, of the willow. The inner 
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face is not concentric, with the motion of the pins 
round the axis ; but the fixed pins project on the inside 
to different distances, relatively to the centre, in order 
to effect the progressive opening out of the cotton by 
the successive tea zing motion of the rows of pins, a, b, c, 
of progressively increasing lengths. 

The bottom of the w illow is formed of a semi- 
cylindrical wire grid, F, F' (cage-likS), one half of which. 



FU. 94.— Square-framed Willow. Side View, 
scale three-fourths of an inch to the foot. 

F, is fixed, and the other, F, is movable round the 
hinge at d . This movable part is counterpoised by 
a weight, G, from which a rope, e, proceeds, passing 
-over the pulleys, /» /, and is fixed to a bar of wood, 
g, g, fig. 23 , to whose ends are attached the two 
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slender rods, h t h , which suspend the movable part of 
the grid. To this part a door, H, fig. 23, is connected, 
which serves to shut the front opening of the willow- 
case when the grid, F', is raised by the hand of the 
workman to the level of the clotted line, t. The 
handle. k> is used for lifting the door, and for fixing it 
in a closed state by means of the hook, ///, fig. 23, 
attached t# the frftme. 

In working this instrument, the boy who tends it 
lets down the door, throws in an armful of cotton upon 
the folded-down face of the grid, F ; , and instantly 
shuts the door, which brings up the grid into the circle 
of the willow, d, i. The revolving frame, A, now agi- 
tates the cotton between its own pins and those of the 
case, whereby it is opened up, and discharges its dust 
through the grid, F, F', into the subjacent space, M, 
which is cleared out from time to time through a door, 
X, in the back part of the willow. In some factories 
this chamber is put in communication with a fan, 
which senes to suck out the lighter dust as it is sepa- 
rated from the cotton wook After the*cotton lias 
been wafted about for a few seconds, the tenter-boy 
lets down the door, H, and dexterously lifts the cotton 
from the folded- down grid, F', where the machine 
always Jth rows it. He then introduces a fresh quan- 
tity. 

The proper speed of the steam-pulley axis, and of 
course of the* revolving frame, A, is considered to be 
600 revolutions per minute. A machine armed with 
such strong iron pins, and turning with such velocity, 
has a dangerous aspect, and must undoubtedly be 
managed with discretion. 1 inquired particularly non* 
earning the chance or frequency of accidents with the 
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willow, m my tour through the factory districts, And 
found that they were very rare. I <saw that the cotton 
was all deposited upon the depressed grid, F', quite 
out of the limits of the revolving spikes. In fig. 23, 
the series of iron nuts, /, /, /, corresponds to the series 
of iron pins, a, b , c, in fig. 24, which project from the 
inner surface of the case. 

A skilful spinner of Stayley Brtdge assured me 
that spiked willows should be used in all cases with 
extreme tenderness and circumspection, especially on 
long-stapled cotton wool, as they were apt to draw it 
into knots; for the inferior, foul cotton wools — such as 
the Surats, Bengals, and some of the Uplaftd Georgia, 
the following machine, the Conical Willow, as made 
by Mr. Lillie, is of remarkable power. It cleans and 
opens from 12,000 to 1 i>,00() pounds of cotton, without 
injuring the staple, every week at Messrs. Marshall’s 
factory, at Portwood, Stockport ; in another establish- 
ment it winnowed the surprising quantity of twenty- 
four bags, equal to 7,200 pounds, in one day, lor coarse 
spinning. 

New Conical acting Willoic . 

To obviate the danger and interruptions* of work to 
which the preceding machine is liable, the following 
modification, borrowed in some respects from t^o wool 
willow, has been lately introduced into the cottbp fac- 
tories. Here the cotton wool is continually fed in at 
the one end, and given out at v the mother, without any 
manual intervention, strictly speaking — an effect due 
to the 'centrifugal motion imparted to the filamentous 
flocks by the rapid revolution of a cone within a con- 
centric case, furnished with iron pins or spikes, as in 
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the square-framed willow. The cotton is drawn in at 
the smaller end o a summit of the cone, and is whisked 
onwards to the larger end or the base, where it fella 



Fig. $3^ Conical Selfacting Willow. LottgiUuflnal View. 
Scafat half an Inch to the foot 
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upon amoving apron, or delivering-cloth, which turns 
it gently out upon the floor of the apartment. 

Pig. 26 is a longitudinal view of that side of the 
conical willow winch receives and discharges the 



Vlg. 2*.— Conical Self-acting Willow. End View. 
Scale, half an inch to the IboC 


cotton ; fig. 26 is an end view ; fig. 27 is a top view, 
with part of the casing and frame-work removed to 
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show the interior structure ; fig. 28 shows a part of 
the perforated iron plate, or grid, which forms the 
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Fig. 38,—* Bottom Grid of Conicnl Willow* 


bottom casing round *1 he cone. A parallel wire- 
grating, swell as exists in the common willow, has 
been also employed. The eone, A, consists of a strong 
shaft, <7, (i y mounted with three cast-iron rings — one 
being at each end, and one in the middle — for the 
purpose of supporting the sheet-iron mantle which 
forms the surface of the cone. Along this surface, 
four equidistant iron bars arc riveted parallel to the 
axis, into which four lines of strong iron pins or pegs, 
by by are screwed by mean# of nuts. Corresponding 
to the intervals of these pins, one line of pins, c/, d, is 
fixed by other nuts, c, c, fig. 25, upon each side of 
the easing* fra me interiorly. The top of the cone il 
covered with a concentric case, B, fig. 25, while the 
bottom casing consists of the grid, or screening-plate. 
Iiithc top casing, near the narrow end, there is an 
oblong aperture, C, to whidi a frame, D, is attached, 
that carries an endless apron, E. Upon this apron- 
frame the cotton flocks from the bing are spread by 
hand. The apron consists of parallel slips pf thin 
sheet iron, three-quarters of an inch broad, placed at 
intervals of half an inch asunder, riveted at their ends 
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to two endless leather straps, which travel upon pul- 
leys fixed to two shafts parallel to the sheet-iron slips, 
one of which shafts is moved by wheel-work, and the 
other is adjustable by sot screws, which act upon the 
bearings of the shaft, so as to tighten the strap at plea- 
sure. 

At the wider end of the machine there is a cham- 
ber, F, fig, into which the cotton is whisked out of 
the cone, after having been whirled onwards from its 
narrow end, and is received upon a moving apron, 
like the former, which is seen at fig. 27, and at the 
dotted lines, G, G, fig # ‘26T About an inch above the 
surface of this apron, a cylindrical wire cage, II, re- 
volves upon an axis parallel to the apron. This cage 
is shown at fig. 27, and by clotted lines in fig. 25 and 
26. It is enclosed in a case of sheet-iron, which com- 
municates at its side,/, /, fig. 26, with the chamber, F. 
Over this cage, between the frame-work of the ma- 
chine, a fan, I, enclosed in a similar case, is placed, 
which sucks out the dust of the cotton wool through 
the wire cage from the cliamU?r, F, beneath it, and 
blows it out through a large pipe in connexion with 
the orifice, fig. 26. This cage not only prevents 
the cotton fibres from being wafted away with the 
dust, but # lays them down by its rotation upon the 
travelling apron. 

TherVire cage and the fan are placed in commu- 
nication by a flat tin-plate cover, or lid, which 
braces at once both the orifices at the ends of the two 
axes of these cylinders, and is shown by interrupted 
lines at h f fig. 25. The other ends of the fantyid 
cage, seen in fig. 26, are left open, in order to draw out 
the dust, and to ventilate the air of the apartment. 
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The motions of this elegant automatic machine are 
given as follows : Upon the shaft, a, of the cone, A 
fig. 27, the usual fast and loose pulleys, K, K', are 
fixed, by which the cone may be put in or out of 
gear at pleasure. Upon the other end of the same 
shaft two other pulleys, i and k, are fixed, the first of 
which gives motion to the fan, I, by a strap moving 
the little pulley, / ; the second pufley, A\4jives motion 
to the apron, G, G, by driving the pulley, m, made 
fast to one shaft of the aprou. Upon the same shaft 
there is a smaller pulley, », which, by means of a 
strep and pulley, o, drives th^wire cage, H. At the 
other end of the last shaft, there is a pillion, p, which 
drives the the wheel, q , and its attached pulley, r. 
Prom this pulley, r, a strap goes up to the pulley, s, 
which turns a shaft, t, furnished with a Hook’s uni- 
versal joint, for the purpose of converting the motion 
parallel to the axis of the cone, into a motion parallel 
to its side, as is clearly shown in fig. 27. This shaft, 
with the universal joint, is supported at its other end 
in the fame, D, and* it carries a toothed wheel, u , 
which drives the wheel, v, upon the apron-shaft ; and 
thus the feeding apparatus is moved. 

The velocity of the cone may be iroifi 400 to 600 
revolutions per minute. 

The mode of action of this willow is obvious, from 
the preceding detail of its structure. The cotton 
slowly introduced by the creeping-apron, E, is teazed 
out by the spikes of the cone revolving in the direction 
of the arrow, fig. 26, and "thus is made to discharge 
its/heavier impurities, twigs and stones, through the 
grid-work bottom. On advancing to the other end 
by 5 the centrifugal force, its lighter dust is wafted out 
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by the fan through the squirrel-cage sieve, and blown 
away through square pipes into an adjoining closet. 
The filaments thus cleaned are discharged from the 
• apron, w, fig. 27 , in the direction of the arrow. 

The above machine belongs to the class formerly 
called the Devil, or Wolf. 

Batting^ or Scutching , and Blowing Machines . 

The next process to which cotton is subjected in a 
spinning factory, is that of hatting (beating) and 
blowing, by a machine called sometimes by the one 
name and sometimes hf the other. Its object is to 
loosen thorqMghly the filaments of the cotton already 
partially cleaned by the hand or the willow, and to 
carry off, through fan-sieves, the remainder of the 
dust. The beating action is produced by flat bars 
curried rapidly round, which strike with their faces 
the cotton fibres as they arc slowly introduced from 
the feeding rollers, connected with the feeding apron- 
cloth. In each machine there is. usually a double set 
of the beating or scu telling apparatus, from the last 
of which the cotton is frequently discharged upon the 
floor of the apartment, wheifce it is removed to the 
next machine, in order to be scutched again# and 
lapped into a cylindrical roll. But a much more im- 
proved, and far preferable plan, is that represented in 
Plate III, where the batting machine turns out tho 
cotton in the form of a cylindrical lap, without the 
labour of gathering and spreading, and ready to be 
applied to the next machine, where the different, sorts 
are occasionally mixed, before being finally madq into 
a lap for the carding operation. 

In many fine spinning-mills, where the best Sea- 
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island cottonis used, batting machines are dispensed 
' with, and the hand-picked and beat cotton is at 
once evenly spread upon the feed-cloth of the cards. 
Plate III, and wood-cuts 29, 30, 31, represent a con- 

m m 



Fig. 30.— Front View of the Lap Machine. 

neeted system of apparatus, embracing the batting 
and the lapping machines. * Plate HI is a longitudinal 
sectipn of a double batting or blowing machine, with 
the'lap mechanism attached to it. The feed-apron is 
eight feet long : part of it is shown at A, where 
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the one end passes over a t|iler, 4» ftnlher end 
does over the fellow* rqfler, Ibeyond thaMijmifs of our 
figure. Fig. 29 is a lon^tultrmljsecli^n of th* proper 
lap machine. Fig, 80 is al'fVput .v jo# of the .hipping 
mechanism, representing, in fefct, 4 he delivering end 
of both the preceding* irtachujeS* Fig. lit is a longi- 
tudinal view of the outride oj^the^ l^ftpipg apparatus, 
to show the working jiarfs* comtaou to*;beth engbtfs. 
The same letters of reference de?fet€the (X>f responding 
parts in the four figure^* 

The willowed cotton is ^r%ad by hand about two 
inches thick upon^the aprorwilpth, A, plate III., and is 
carried forwafd it at the* rat*? of about three foot 
per minute, to the feed-rollers, b , &, winch* are pressed 
together by a weight actirig^h rough thdlever, c, upon 
the brass bearings of- the lop rollers. A wooden 
roller, d, serves to keep the cotton dose to the apron, 
and to facilitate its introduction between the feed- 
rollers, which consist here, as in jhe carding-engines 
generally, of small iron cylinders coarsely * fluted 
parallel to tlfeir axes. B is th«? first ^eatei^ insisting 
of two flat bars, c, e, fixed at .right angles *upon the 
arms of the revolving shaft, so as to strike upon the 
cotton filaments as they issue from between the feed- 
rollers. This, the scutching shaft, te made to revolve 
with a velocity df 2,000 turns per minute, by means of a 
strap proceeding from a pulley up$n the mill shaft near 
the ceiling, as has been explained in Chap. 1., Book ill. 
C is the harp* a grating or Tgvid, in the form of the 
quadrant of a cylinder, composed of long flat bars, 
against whose edges the cotton is ftutched by Vie 
beaters, and thereby thoroughly opened, after whiclt|fc 
is wafted upon the endless apron D. This ap($ft 
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consists of thin spars of wood about three-quarters of 
an inch broad, and half an inch apart, fixed at their 
ends to two endless leather straps, which turn round 
the rollers, f and g, the latter being driven by the 
Outside wheel- work. 

Near the end of the apron there is a revolving 
cage-cylinder, E, enclosed under the •general cover, 
h, A, A, through the top of which there is : a pipe, i, in 
communication with a rotatory fan, placed in any con- 
venient part of the room. This cyliiulric cage permits 
the dust to be sucked thr^ygh it, anti also serves to 
spread smoothly upon the apron tli£ loose cotton fila- 
ments into a level fleece, which passes under the 
wooden roller A, and is thence drawn in by the second 
pair of feed-rollers, /, /, in order to be exposed to a 
second scutching by the heater-bars at F, the axis of 
which revolves ‘2,200 times per minute. This increased 
velocity does uo harm ia the Hocks of cotton in their 
loosened ‘State. The second beater delivers the fila- 
ments upon a second apron, (i, similar to the first. 
Here it «is .exposed to fhe sucking action of a second 
sieve-cylinder, in communication by the orifice, m, with 
the general fan ventilator. 

The cottou, once more formed into a fleecy nap, is 
brought out by the rotation of the roller, w* and now, 
instead of being thrown upon the floefr, as formerly, 
it is carried through between the two pairs of iron 
rollers, o', o' and p, p, the upper ones being weighted 
(loaded) as shown in the, engraving. These rollers 
deliver the compressed fleece to the w ooden lap-cylinder 
Iytvhose axis i&loadetT with weights, L, L, L, so as to 
bear down between the two rollers, K, K, which, 
revolving both in one direction, as shown by the arrow. 



Fig. 31. A Longitudinal View of the outside of the Lap Machine to show the moving 
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carry rouS8#ith them by friction alone thekp-cylinder; 
Aft this Cylk$4r increases in diameter, the links, (/, q t 
progressively rise up with their weights, L, L, so that 
the pressure continues always uniform. Whenever the 
coil of lap hds acquired the proper size, the twin 
rollers, o', o', with the aprons, cages, and feed rollers, 
throw themselves out of gear, whilst the twin rollers, 
p,p, and the lap-cylinders continue to revolve, whereby 
the fleece is tom or cut across in the middle line 
between the two pairs of twin rollers. The attendant 
now lifts the lever, r, wliiebi raises the links, and 
suspends the weights, L, L, by the hook, s. Thus lie 
relieves the axis of the lap-cylinder, reihoves it, and 
puts an empty one in its place. He now throws the 
machinery once more into gear, disengages the con- 
necting rod, /, from the suspending hook, .v, and restores 
the action of the weight, at the same time that he 
guides the beginning pf the fleece round the empty 
roller, see fig. 30. 

The beaters, B and F, derive their motions from the 
mill shaft, independently of the rest of the machine, 
by means of pulleys shown by dotted lines in the 
engraving. Near the finishing or discharge end of the 
blower, there is a cross shaft, M,upon whose end there 
is a pulley, N, which revolves 36 times in the minute. 
Upon each end of the same shaft there itf also a toothed 
pinion, O, O', which drives the wheels, P and P ; the first 
of them being made fast to the end of the under roller, 
p , and the second to the end of the next roller, o'. By 
disengaging the pinion, by means of the lever, u, 
fi{& 30, from the shaft, M, the wheel, P, will be set at 
rfftt, as well as the other parts driven by this wheel. 

It is obvious, therefore, that by this arrangement 
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the fleece may be cut across between th# inlleK; o, o, 
and p, p, as formerly stated ; in consequenoe ol the 
first pair of rollers being stopped, while the second 
pair continues moving. 

A wheel, Q, as shown particularly in fig. 31, and by 
dot toil lines in plate 3, transmits motion to the feed* 
rollers, /,/, f and b,b, to the cylindrical cage, E, and to 
the apron, D, from the wheel, P, by means of bevel 
wheels and a horizontal shaft, as shown by dotted 
lines in plate 3. Upon the other end of the roller, o, 
fa a wheel that gives mo^n to the apron, G, and to 
the cage, II, as is shown in fig. 31, where the carrier 
wheel 2 drives the wheel 3 of the apron roller, n. 
Upon the axis of wheel 3 is a pinion which drives the 
carrier wheels 4 and 5, and thereby the wheel 6 upon 
the shad of the cylindric cage, II. The roller, p , 
driven by the large wheel, P, has upon the same end 
of the axis a pinion which drives the rollers, K, K, of 
the lapping apparatus, by means of wheels 7 and 8, 
and the carrier wheels 9 and 10, as shown in fig. 31. 

The preceding explanation Applies fully to the lap- 
machine, as represented in fig^. 29, 30, 31 ; the only 
difference being in the mode of feeding, which, in 
fig. 29, consists in an endless apron moving between a 
frame, upon which there are slot bearings, K, for re- 
ceiving the ends of the wooden pin that is thrust 
through the central hole of the lap, after the with- 
drawal of its roller. Upon this frame as many pairs 
of slot bearings are affixed there are different sorts 
or laps of cotton to be mixed 

By the movement of the apron the fleece is unwdWnd 
from each lap, and carried forwards in parallel layei*, 
lying over each other, by the traction of the fefcd- 
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rollers. lit tMe excellent machine, of which the pre- 
ceding are a faithful delineation and analysis, 

there were five slot bearings, two of which carried laps 
of New Orleans cotton wool, and three, laps of Bahia. 
Many of the mechanical contrivances above described 
arc new, and the whole execution and performance of 
the engines are highly creditable tq thefr constructor, 
Mr. Crighton, of Manchester. The beaters of such ma- 
chines make from 1 ,800 to 2,200 revolutions per minute. 

The scutching machine was originally invented by 
Mr. Snodgrass, of Johnstown, in Renfrewshire, and 
afterwards improved by Mr. Peter Cooper, of the 
same place. The lap-apparatus is sometimes called a 
spreading machine. 

Different staples of cotton require different degrees 
oft* scutching ; the short and soft staples admitting of 
less powerful and rapid beating than the firm and 
long staples. For the last, the boating-bars should l>e 
adjusted at a greater distance from the feed- rollers, to 
prevent the filaments from being torn. For accurate 
work, the cotton wool should be laid upon the fecd- 
cloth in weighed quantities, and very evenly spread 
or distributed. 

These mechanisms require to be frequently cleaned, 
and to be lubricated at the moving parts*, both on 
account of their extreme velocity, and of the dusty and 
downy particles, which are apt to clog the axes and 
bushes by inspissating the oil. When in good order, 
they will put through 5,000 pounds of cotton wool in a 
week of GO hours, and supply 21 cards (breakers and 
finishers), with a sufficient lap, in a mill spinningfrom 
39>i .to 40V. The great speed of the beaters produces 
a (torrent of air which carries the filaments onwards 
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in the machine ; but to remove the dual entirely an 
independent ventilator is employed, as already stated, 
which, like the scutching and spreading engine, takes 
about a horse power to drive it at a proper speed. 

We shall introduce here the description of the ven- 
tilator employed in modern mills, as constructed by 
Messrs. Fuirbairu and Lillie. 

Figs. 32 and 33 represent a side and front view of 



Fig. 32. Fig. 33. 

Ceutrifugul eccentric Fan. Scale, three-fourths of an inch to the fo.it. 


this simple hut effective engine for creating a current 
of air, equally applicable to •general ventilation of 
buildings for the health of their inmates, as it is to 
the conical willow, the scutching, and spreading 
machines. It consists of two cast-iron end plates, A, A', 
provided wjth a central circular opening, r, c, r, from 
whose circumference the outer edge of each plate 
enlarges in a spiral line ; the point of it nearest the 
centre being at d, and the one farthest from the c entre 
being at the base under 32. This pair of 

parallel plates is connected by bolts a , a, a, a mantle 
or case of sheet-iron having been previously fitted into 
grooves cast in the edges of the said plates. 13 y tbop, 
means a cavity or chest is formed, which lias a& 
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elongate^ aperture at B, to which a pipe may be 
attached , for. conducting the discharged air in any 
direction. Within this cavity a shaft, C, is made to 
revolve in bearings, b, b , placed centrally in the plates, 
A, A, and cast in the same piece. Upon the shaft 
a boss is made fast by wedges, which carries five flat 
arms, seen in section fig. 32, at the sides # of c, e, c, to 
which five flat .plates are riveted. These vanes or 
wings have each the form represented in the front 
view between a, a, being rectangular plates of iron, 
with a semi-circular sejpjicnt cut out of their edge 
upon each side, whose diameter is equal to that of the 
end opening in the case. Upon one eitd of the shaft, 
C, exterior to the bearing, b , the fast and loose pulleys 
are fitted for receiving the driving strap, and for 
turning the vanes in the direction indicated by the 
arrow in the side view, whereby the air is expelled 
before them out of the end orifice at B, while it is 
allowed to enter freely by the side openings at r, r, c. 
By the centrifugal force of these revolving vanes, the air 
is condensed towards tfteir extremities, makes its escape 
from the pressure through B, and is continually forced 
in at the sides, in virtue of the atmospheric equili- 
bration. 

Some ventilators have their hoods or mantles made 
concentric with the revolving vane3, and though they 
do good work when turned with great velocity, they 
are not well adapted to produce pressure by con- 
densation of the air ; fen t^ie wind at the outlet B con- 


sists partly of tlnj air compressed by the extremities of 

t wings, and of the air rarefied on its entrance near 
ir roots. In the fan here represented, called the 
eccentric, the air which is driven out from B, has been 
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subjected to compression during its %hole course 
through the spiral space before the revolving wings, 
and is equal in density to that compressed at their 
extremities by the centrifugal force. This engine dis- 
charges .therefore a considerably greater body of air 
than the fan with a concentric mantle, because each 
wing, in pasting thogpoint. <7, acts as a valve to intercept 
the ingress of the uncondensed quiescent air, which 
would cause an eddy, and retard the rapid current by 
tlu* inertia of its particles. The wings are usually 
made to revolve with sucfo'spced as to pass through 
a space of from ftO to 100 feet in a second. 

When the fan is employed to draw air out of the 
willow, the batting machine, or chaml)ers of any kind, 
the circular openings in its sides must be enclosed 
within caps, which are then connected with pipes 
placed in communication with the cavities or spaces 
to be acted upon. Slide valves or throstle- valves may 
ho introduced into these exhausting pipes, or into the 
condensing pipe connected with B, in order to modify 
the rarefying or blowing force. The last arrangement 
is adopted with signal advantage for applying a regu- 
lated blast to forge fires. 

I have found experimentally that a fan like the 
above, ] Studies in diameter, and 12 inches* in width, 
moving its wings at the rate of 120 feet in the second, 

Ft O f 

supports by aspiration, in a syphon, a column of 
water two inches high, and when it moves at the 
rate of 180 feet, it supports a column three inches. 
1'he chimney of an excellent drawing air-furnace 
does not support, by aspiration, mbre than onc-sevenfh 
of an inch. 


VOL. II. 
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SECTION II. 

Carding Engines, or Cards. 

The objects of the curding operation are to separate 
the fibres which, in their imported state, are entangled 
in small tufts and knots, and which have been but 
imperfectly opened in the blowing machine, so as to 
draw them out into somewhat parallel* directions, and 
to remove completely all the residuary impurities. 
The carding principle consists in the reciprocal action 
of two surfaces, which are mounted with hook-shaped 
elastic wire points. Thetojittle hooks, made of hard- 
drawn iron wire, are represented in fig. 34. The wire 

Figure 34. 



Fig. 1. Fig. 2. 

must he first bent at right angle's, as at ft and b , 
fig. 1 ; then each hraiuh must receive a second bend, 
as at c and </, lig. 2, at a determinate obtuse angle, 
which must be invariable for the sanje set of cards. 
It is indispensable that these two obtuse 'angles, n y r , e, 
b,(L f\ he, mathematically equal, not only for tin* two 
conjoined points, but for the whole series of teeth; 
for if one of them slope more or less than its fellow, 
it will lay hold of more or less cotton wool, and cause 
the carding to be irregular. 

The leather .must, he pierced by a fork, with two 
holes for each doufye tooth, at the distance a, b, hut 
ir/ such a way that the inclination of these holes, in 
reference to the plane surface of the leather, he in- 
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variably the same; otherwise the length of the teeth 
would vary with the angle of inclination, and spoil 
the card. Another condition in making good card 
cloth, or garniture , is to have the leather of uniform 
thickne^. This is effected by a species of planing 
machine, which strips the surface smooth, and ren- 
ders the thicMiess^ equable. A riband or sheet of 
leather thus furnished, being made fast to either 
a flat or cylindrical surface of wood, will constitute 
a flat, or a cylinder card. Suppose a , tig. *15, 



Fig. 35. Car.l T«*th. 

to he one such card, and h to be another, whoso 
teeth are set in opposite directions, the two wire 
surfaces being parallel, and very near each other, 
with a tuft of cotton wool betwixt them. Let a be 
now moved in the direction of t»he arrow, the points of 
the opposite sels of teeth beirtg in contact, while b re- 
mains stationary, or is move?! in the opposite direction; 
it is obvioits that every small flock of the wool, placed 
in such a predicament, must experience the traction of 
both sets of teeth. The teeth of a will endeavour to 
pull the filaments away with them, while those* of b 
will keep hold of them, or *^ull them in the contrary 
direction. Each of thfe teeth wiJl,jta fact, appropriate 
to itself a portion of these filaments, and will thereby 
disentangle the tuft of cotton, thus drawing out the 
fibres, and placing them lengthwise, agreeably to the 

c 2 
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iine of traction. If tins operation be often enough re- 
peated, it must eventually arrange all the filaments in 
a direction truly parallel, and thus accomplish the end 
in view. Suppose, now, the whole filaments to be 
hooked upon the card a, a single cross strokg of the 
two will transfer to b a portion of those upon a, 
should the teeth of b be moved ii^ the # sa$ne direction 
with those of a, but more slowly. If the cards be so 
placed that the sloping points of their teeth look the 
same way, as in fig. «%, — and if a be moved in the 



Fig. Sft-— Ciml Tooth. 


direction of the arrow, while b is stationary, or is 
moved more slow ly in the same direction , — a will comb 
all the wool out of the teeth of b, since the hooks have 
in this position no tendency to retain the filaments. 
The consideration of these different results, according 
to the different circumstances now stated, will enable 
any one to comprehend clearly the action of the card- 
ing engine. 

For carding long-stapled fine cotton, one operation 
is not sufficient to clean the fibres completely, and to 
lav them in parallel positions, ready for the next pro- 
cess of a spinning-mill. Two cardings are had Re- 
course to in this ca^ ; the first/by what is called the 
breaker cards, and the second by the finisher cards. 
The two operations do not, however, essentially differ 
from each other. 
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The cylinder cards, invented by Lewis Paul, ami 
patented in 1748, were covered parallelly to the axis 
with fillets of leather thus mounted, having inter- 
vening stripes free from points. A concave card of 
the same curvature as the cylinder was applied to its 
under surface. Hence, on turning the cylinder by 
the handle at its end, the two bristling surfaces worked 
against each other, and performed the carding ope- 
ration. When the filaments were thought to bo suf- 
ficiently carded, the stationary concave part was let 
down, and the cylinder was* then stripped of its wool 
by means of a comb made of a bar of wood, bearing a 
row of needles. These card-ends of the length of the 
cylinder were joined together by a particular con- 
trivance which it is unnecessary now to describe. 

When the concern of Lewis Patlff, at Northampton, 
came to be dismantled by the failure of his operations, 
the carding cylinders were purchased by a hat manu- 
facturer from Leominster, and applied by him to the 
carding of sheeps* wool for hats ; and about the year 
1760 they were introduced into Lancashire, atul re-ap- 
plied to the carding of cotton* by a gentleman of the 
name of Morris, in the neighbourhood of Wigan.* 

Mr. Peel was one of the first Lancashire manufac- 
turers whd adopted this mode of carding, being assisted 
in carrying it into operation by James Hargreaves, the 
ingenious author of the Jenny. His machine was 
composed of two or three cylinders, covered with tho 
card-fillets ; and the cardod Cotton was taken from the 
cylinders by hand-c&rds applied by women. This 
process answered so indifferently, that Mr. Peel laid it 

• John Kennedy, Etq., in Memoirs of Manchester Society, rok f., 
second series. 
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aside. Then Arkwright took the cylinder-card in hand, 
and made it a practicable machine, about the year 
1770, or 1771 .* The feed-apron, as applied to cylin- 
der-carding, has been claimed as an inv ention of John 
Lees, a quaker, of Manchester, in 1772; but .there is 
no doubt that Arkwright had previously used the same 
contrivance, along with the crank pnd comb, at Crom- 
ford ; for continuity in the discharging riband, at one 
side of the cards, obviously implies continuity in the 
feeding fleece, at the other side. In fact, the crank 
and comb, with its incessant stripping action, would 
have been a preposterous apparatus, without a cor- 
responding punctuality of supply. Arkwright, indeed, 
refined upon the feed-apron, by rolling it up into a 
coil, after havhig spread the cotton evenly along it in 
an extended state,' and thus fed the cards by the 
gradual unrolling of the apron-cloth. There can he 
no reasonable doubt in the miiul of any man, ac- 
quainted, however slightly, with the carding process, 
that Arkwright had also used duller cylinders, covered 
all over with spiral fillets, along with the crank and 
comb, in 1771 or 17*72; for had his dorter been 
covered with pieces of card-cloth parallel to its axis, 
like the card-drum, with intervening hare spaces, the 
machine could not have turned off continuous ribands, 
as it ilid. It is preposterous to ascribe to Wood and 
Pilkington, about the year 1774, what Arkwright must 
have done two or three years before, though he did not 
specify it in a patent till 1775, on bringing his whole 
system to maturity. Tiien, indeed, all the schemers 

* I was informed by Mr. Strutt, that Mr. Arkwright says he re- 
members of his father, Sir Richard, getting cylinder-cards from 

Northampton* 
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who had perchance imagined something similar to 
some of its parts, though never able to make them 
operate productively, began to put in their claims, 
and they were well encouraged by the many sordid and 
invidious rivals of the Cromford Company. In fact, 
it was impossible for Arkwright to keep any invention 
secret in hi^miii, when almost every one of his work- 
men was bribed to ?iet as a spy, and report the pro- 
gress of his improvements. 

Carding-enginos may be defined to be brushes of 
bent iron wire fixed in lea/her, and thereby applied 
to a set of cylindrical and a set of plane surfaces, tho 
former being* made to revolve so as to sweep over the 
surfaces of the latter at rest. Sometimes large cylin- 
drical cards work against the surfaces of smaller 
cylindrical cards, moving at a less velocity ; and occa- 
sionally both plans are combined in the same engine, 
as the follow ing figures w ill show. The tufts arc held 
fa^l by the stationary or slow-moving cards, while the 
quick-moving cards teaze out the fibres, and gra- 
dually disentangle them. Hence we can understand 
how fixed cards, in which the tuffs are exposed to an 
uninterrupted. course of teaming* disentangle the long- 
stapled cotton better than the squirrel or secondary 
re\ ol^ig|Carcis, which bring the tufts under the action 
of the great drum-card only once in each one of their 
revolutions. 'lliey exercise a greater tearing force, 
ami are therefore used for coarser and shorter stapled 
cottons, with which rapidity of work is an object of 
importance. In fact, much more cotton can be passed 
through in the same time when both the main card 
and the counter cards revolve ; and as the latter re- 
quire less frequent cleaning than what are called the 
flat-top cards, this system is generally used in prepa* 
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ration for the lower «*ounts t of spinning ; and occa^ 
sionally in combination with fix(jjl tops in that of the 
middling fine yarns. 

Figs. 37, .38, *39, represent a carding-engine, in 
which both systems are combined, and constructed 
upon the best principles. Fig. 37 is a longitudinal 
section, fig. 38 the front view, whore the carded 
cotton is seen to be delivered, and fig. 39 is a longi- 
tudinal view' of the side of the engine, where the prin- 
cipal wheel-work lies. * 

In fig. 37, A is the ±ia in carding cylinder, con- 
structed of parallel segments of mahogany, a, a, 
screwed upon three or four cast-iron rings fixed to the 
central shaft. Upon each of those segments a card- 
leather (card-cloth) is nailed in a length oqfiaVfo the 
width of the main cylinder or drum? The inclination 
of the card-teeth is visible in the figure. B, B, are 
parallel segments of mahogany, called card-tops, which 
rest with their ends upon heads of screws, b , b , lig. 39, 
projecting from the side-framing, c , of the engine, and 
they aredhcld in their places upon the frame by pins, 
which pass through their ends. The interior curva- 
ture of these segments is covered with.a narrow' fillet 
of card-leather. This surface may be placed nearer 
to, or farther from, the card-drum, A, by adjustflpg the 
sertwv-props at the end of each segment. Thi^ struc- 
ture is clearly seen at b , b , in fig. 39. D, E, F, G 
are rollers covered with card fillets wound spirally 
round them from one end to the other. These small 
cylinders, called urchins or squirrels, revolve by their 
necks in the bearings, d, fig. 39, which may be 

moved nearer to or farther from the drum, and from 
each other, by adjusting screws, as shown in the wood- 
engraving. 
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H, fig. 37, is a pair ef fluted iron feeding-rollers, like 
those described for ^th# flowing machine, which are 
pressed together by means of a sqrew, c;h is a feed-board, 
along the surface of which the fleece unwound from 
the lap-roll I, by the acting roller K, advances to the 
feed-rollers II. The first rollo^card D, turning with 
much less velocity than the drum -card, draws in single 
filaments from the feed-roller, and is thence sometimes 
called the licker-in. These filaments are immediately 
stripped from it by the large cylinder. A, to be again 
teazed out by the teeth of th** /e cond roller or squirrel, 
E, moving still more slowly than D, and thereby 
serving to pick* off the knots from the drum. These 
knots being carried round by the roller, are again pre- 
sented to the cylinder D,.as if revolves nearly in contact 
with K. The rbHer, D, next transfers the teazed.out 
filaments to the drum, blending thiftn with fresh ones 
supplied by the feed -rollers. The tufts or knots which 
elude the action of the first two rollers, D and E, are 
pretty sure to be ^aifl hold of by the fourth roller, G, 
because it is placed closer to the Arum, and mo\fs with 
the same speqfl hs the roller E. # Tho^ knots caught by 
G are teazed out by the roller F, which is nearly in 
contact with itf but ‘revolves at a quicker rate, yet 
not sO fasl # as the surface of the drum, F. The 
loosened fibres are thus seized by F, and once more 
transferre4 to the drum, whence they proceed and 
receive a second teazing from the roller, G. Should 
any knots stijy[ remain they will be arrested by the 
first flat top cards, and held there till they are disci^ 
tangled by the rotation of the drum. On this account 
the first flats require more frequent cleaning than the 
subsequent ones. 


c 3 
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• Tiie filaments, after emerging from the flats, lie in 
nearly parallel lines amo*g*>the cgird-teeth ^of the 
drum, whence they are % removed \>y a smaller drum* 



Fif. 38 .— Carding Engine. Front view. Scale, three- fourths of attach to thlfcot. 

•card, which turns in contact with it, called, the doffer, 
(stripper), or doffing cylinder, L, §pd is covered 
^Hpirally with fillet cards. By it$ slow rotation in an op* 
posite direction it stytps the loosened filaments from 
the drum, and thus clothes itself uniformly with a fine 
fleece of cottoo* w hich is shorn or combedToff from 
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the opposite side „o£ the cylinder by the vibratory 
action of the doffing- This mechanism con- 

sists df a blade hf steel, toothed at its edge like a fine 
comb, and it is made to strike down, with a rapid 
shaving motion, tangentially over the points of t(}6 
cards. This is 1 the crank and comb # contrivance so 
unjustly claimed for Hargreaves * in the ' law- suit 
against Sir R. Arkwright. TJ^ia elegant instrument 
takes off t hr 'cotton in a* line transparent fleece, like 
the aerial web or woven* wind of Anrungzebes 
daughter. Its breadtlCf is e^ual toNhe length* of the 
card on the doffer, but it is formed into a narrow 
riband, b\ being gradually hemmed in by passing 
through the funnel, i. This riband is called a card 
end (sometimes a sliver), and is drawn forwards by the 
first pair of toilers, k, in that part of the engine 
marked N. Inis apparatus consists of three pairs of 
iron rollers, A\ /, m ; tlie bottom rollers of k and / are 
finely fluted or channelled, and their top ones are 
covered with two coats, the inner being flannel and 
the outer bpiug 1 Ather. ITiesq top rollers are,pressed 
firmly bpo^the under ones by weights hung upon 
their axes. *The pair of rollers /, % by mating faster 
than the pair/% has*the effect of drawing a&d straight- 
enu>g the* filaments. The card end. after being spread 
by the rolfert fhto a l^it riband, is again gathered^ifijo 
an elliptical sliier, # by being passed through the ver- 
tical slit in the plate n y and*being drawn through 
between* the two smooth rollers m t which are -but 
slightly presled together. •This card-end is of a very 
spongy texture, ail'd very slightly coherent. I#b 
allowed to Jail down into a tin can, Q, as it Escapes 
from the front delivering roller. In Some factories the 
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finished card-ends of several engines are wound, as 
they are delivered, upon larg<| wooden bobbins, with 
tin-plate ends, in parallel layers, so a£ to form a series 
of ribands easy of, application to the next machine — 
the drawing- frame. In <tthcr factories the whole of 
the card-ends pass into a covered square conduit of 
wood on the floor»of the apartment, whielids furnished 
with a series of friction^ rollers, in correspondence with 
the respective card-enginos. The whole card-ends 
are finally conducted upon a large, bobbin, and wound 
into a fleece of parallel ribands, ready, like the above, 
to he presented most conveniently to the drawing 
heads. 

Tile motions of the carding-engine are produced as 
follows : — To the shaft, of themain cylinder, exterior to 
the frame-work, the usual fast and looser pulleys 1\ are 
attached. Upon tl|e same shaft, between each end of 
the drum and the frame, is one pulley Q, tig. 39, and 
another, R, in dotted lines, fig. 37, The latter of these 
pulleys drives the card roller (the licker-in) 1), and 
the former drives the qard-roller or squirrel 1«\ Upon 
the shaft of the main cylinder, A, there is another 
pulley, S, alongside of -the steam-pulley, I*, from which 
motion is given by a strap to a slender shaft, T, fig. 37, 
38, carryingfupon its ends two small cranks, which are 
connected by rods, y/^wijh the dotler-knife. These rods 
are fukled by two arms, 0, which keep the knife close 
to the dotting cylinder, L, while the cranks , make it 
vibrate most rapidly up and down. The shaft of the 
main cylinder bears upon the encTogposid to its steam- 
ptflley end, a pinion, 1 , fig. 39, which works into a wheel, 
2, on whose axis there Is another pinion, 3, working in 
a wheel> 4, so as to produce a*slow motion. The last 





ENGINES. 


87 


wheel drives the doffing cylinder, L, by means of the 
wheel 5. From the shaft of this cylinder motion is 
given to the squirrel cards, E and G, by means of a 
strap going round pulleys, between the squirrel-cylin- 
ders and the frame, as is shown by dotted lines in 
fig.^S 7. • Ootside of tile franjp, upon (lie other end of 
the shaft of the doffing cylinder, is a bevel wheel, 6, 
which drives thejhanging or inclined shaft, U, as also, 
by means of the bevel wheels, 7 and 8, the inferior 
feeding-roller, 11. From this roller, motion is given, 
by a carrier wheel, 9, to a whefil, 10, upon the roller, K, 
which serves to wind off file fleece from the lap-roll. 
The wheel formerly mentioned, drives another 
wheel, 11, below it and of course the pulley on its axis, 
whence* motion is qojnmunicated to the drawing appa- 
ratus, N, as shown in figs. 38 and 39. 

The shaft q , fig. 38, bears upon its end two wheels, of 
which one, r, gives motion to two small wheels fixed upon 
the ends of the two under rollers of the pairs l and iw. 
The other wheel, s, drives a larger wheel upon the end 
of the under roller, k , so as to # give a slower motion to 
this pair of rollers* than to the two former pairs, both 
of which have nearly the same velocity, as m is but 
slightly larger than /, and therefore has a surface mo- 
tion little greater. To prevent the two rollers at m, from 
sliding upon each other, little toothed- wheqjs, t, fig. 38, 
are fixed to their ends, so as to work into each other. 

In many factories the cylinders are not constructed 
of wood, with iron framing, mit are made entirely of 
cast-iron, and arc coated *wfth a cement composed of 
chalk and glue, which is somewhat harder than Paris 
plaster. Into holes drilled in tbe iron cylinders, wooden 
pegs are fixed for receiving the nai)£or pins which are 
nsed^to fasten on the sheet or fillet -card feathers. 
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We have already mentioned that, in many of the 
coarse-spinning, and in all the fine-spinning factories, 
two sets of card-engines are employed, celled the 
breakers and the finishers, which do not differ in any 
essential respect, except in the fineness, of the card- 
teeth. The breaker delivers or winds its thin con- 
tinuous fleece of cotton as it is combed off from the 
doffer, without narrowing it, upow.thg periphery of a 
revolving wooden roller. When this has received 
such a number of layers as constitutes a pretty thick 
coat, the fleece is torn a&mder at the doffer, and the 
clothed roller is removed to the feed roller of the 
finisher card. When the ends from. several cards are 
to be wound together on a large bobbin, their course 
is frequently guided by a series of smooth pins, or 
spiral channels; and then coiled round a roller in 
parallel ribands. The movable tin-plate ends of 
these bobbins being taken off, and a round wooden 
pin being substituted for the bobbin itself, the lap of 
parallel card-ends is ready to be presented to the feed- 
roller or licker-in of the finisher-card. In other cases, 
the card-ends of the breaker-cards are introduced 
directly from the cans in which they were received in 
parallel lines to the finisher-cards to save the wind- 
ing-on process. 

Fig. 40, # the old curding-engine, surrounded with 
urcliin-cards. * 

A, the drum ; a, the leed-apron; 6, 6, moving 
rollers of the apron ; c? c , feed-rollers ; B, first urchin 
which takes the cotton off, and returns it to the drum ; 
C. O, working urchins ; D, D, cleaning urchins. By 
repeated transfers from |jtte of these card -cylinders to 
another, aud by agouti nua l drawing out between the 
teeth of the different orders of cards, the coUor fila- 
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meats, (for low counts,) become separated and ex* 
ponded. E is the defter cylinder which strips the 
Cotton from the drum ; F, the steel comb or knife for 
taking Ihe fleece off the doffer in a semi-transparent 
web. G represents a fluted cylinder, which is not 
employed in the cotton, but only in thowoollen manu- 
hm>, for mpkiiig the card-rolls. 

Here we have A carding-engine, with tlio dntm 
surmounted with urchin or squirrel cards instead of 
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tops, such as are used in the preparation of inferior: 
cotton wools for spinning coarse yarns. The principles 
ofiitg mechanism are similar to those above ckacribed 
* The speed communicated by the driving sham to the 
main drum i% ti<# $fte same for every diffeaent staple of 
cotton. Asspqpdirlg is intended to open up the fila- 
ments, to undo their ^tnots, and to shake opt the df&t, 
it would not answer its purpose pdWectly were it per- 
formed with Either too great or too small a velocity. 
It is the duty of Ac overlooker of the preparation- 
room to qtudy the cotton VoqJ. in hand. It is obvious 
that tufts should not be disentangled too forcibly on the 
one hand, and, on the other, the filthr adhering to the 
staple cannot be shaken off by ftjo slight **1 degjee of 
motion. The main drum must therefore be made to 
revive, according to circum^ances,* from 120 to 150 
times in a minute. Nor are the velocities of the other 
cylinders relativeljrto the ptiijlipal one to f)l invariable ; 
they require also to be modified. Supposing for ex- 
ample, that "the latter; has a speed of 130 in^the 
mimitCf^lie different increments both of the. axes and 
of the surface of the cylinders, which is the point to 
be considered, may be ifegulated as follows 

While the drum card make* that iiun^pr of turns, 
the feed-rollers Should maUb «oniy two-thirds of a 
revolution, so that the cloller shall deliver about six- 
teen feet of lap ; — thR first pair of drawing rollers 
should draw it about 2p inches, being tfye difference 
between 232 inches and 2tfe inches ^between the 
first and the delivering pair of drawing rollers, the 
card-end should suffer ail elongation of 210 inches, 
being the difference between 442, the surface-speed 
of the last pair, and 232, the #iurface-speed of the 
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first pair the last smooth roller should* draw it U 
inches more ; and, finally, the ratio of the speed ftt 
the circiupference of the feed^rollcrs, to that of the" 
smooth delivering roller, should be a§ 26 inches are to 
442, or m 1 

The cahl -engine being charged With^i^ap roll of 
perMkps 32 feet in length, weighing about 5 pounds, 
must be passed entirely through in 15 minutes; and 
the 32 feet of lap will form a card^gnd at the smooth 
roller of nearly 540 fqet, of yhieh one-fill h part, or 
one pound, will measure *1.08 feet ; about three per 
cent, may Jie allowed for waste. 

Long-stapled ecjgons require more carding than the 
short,* qn whtch accost the drum is made to turn 
more rapidly, while that of the other cylinders is led 
unchanged, or cv<ty majle to revolve more slowly. 
Such changes^howevCr, are introduced only between 
the feed -rollers and the maflh-drum? or between the 
great drum and the doflfer, wtfence a variation is pro- 
duced jn the grist of the card-end, the count of which 
imfst always ne attended to. 

Card sheets are distinguished by the number of 
wires in each breadth of three Inches and a half for 
the drum, aml^vo incKesdor the top Qprds ; hence, in 
the former # there will hi ^Onvires inwall, or 20 per 
iuch. The numbers of wires per inch, counted in tho 
length of the* sheet-leather, are called crowns. For 
the preparation of yarns bek>w 36 hanks in thepouml, 
tile cards have 80 wires per sheet for the drum ; the 
first, second, and third tops 20 ; the middle tppS 26; 
and the last 28. For the preparation of yarns of 100 
and above, the cards have fr6m 90 to 100 wires per 
sheet for the drum? antftso on in prdfwrtion. # 
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The drum revolves with a surface velocity of from 
20 to 30 times quicker than the doffer, according to 
the nature of the cotton. By measuring the parts of 
figures 37, 38, 39, which are most exactly delineated, to 
a scale of three-quarters of an inch to a foot, the rela- 
tive magmtAles* and velocities of every part of the 
carding-engine majfebe readily determined. 

The tops of cards should, after cleaning, be laid 
down in their places with a delicate hand, and tested 
by a gentle pressure, ,1 to ascertain that they barely 
touch without catching the teeth of the revolving drum. 
I was told by a skilful spinner that a f|pted feed- 
roller is not nearly so good as a pair of cylinder cards 
from two to three inches in diaiaeter, with thqir teeth 
set inwards, so as to operate as lickers-in. They 
should be surmounted by a’cylindttcal card of larger 
dimensions, as shown in the figfhre, for taking off the 
cotton fibres ancf transferring them to trie drum. 

A patentwas taken out a few years ago for travelling 
card tops, with a self-cleaning apparatus, but it w£3 con- 
sidered by the above 'gentleman to be aliazardous 'ex- 
pedient. Double cards are now made 42 inches in the 
diameter of the drum, and 36 inches ift length ; single 
cards are half that length, #r about 2^' inches. I have 
seen many card-endg wOjpnd *1ip continuously upon one 
large bobbin or roller 12 inches long, in parallel 
ribands, to form a lap for the^drawing-frame. 

In ll/me spinning-mill ^ Manchester seven finisher 
cards turn off 150 pounds of cotton (Sea-island) in 
69 hours, or one week, 'fhree yards of the lap pre- 
sented to these cards weigh only four ounces. These 
seven finishers correspond to six breaker-cards; for 
a preparation as it is called (onfe set), 12 card-ends 
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go to form the first drawing. In the breaker-cards, 
1,600 grains* weight of cotton are spread out upon 
seven feet;of the apron-cloth, to form one lap. 

In such ail. establishment, 150 pounds constitute 
as we have # said, a preparation, which is° confined to its 
peculiar set. of cards, of drawing and i#ving frames. 
One man superintends four such ^preparations. The 
total wages for the preparation work of these 600 
pounds of cotton wool is £1 1. 1 1.?. ^ 

In a mill at Manchester, where fustian yarns are 
chiefly spun of No. 30 weft and No. 40 warp, the 
carding-ongines are surmounted with urchin-cards, 
and do each to Ithe amount of 1,000 pounds per week. 
The drum makes 1804evolutions per minute. Each 
card supplies 15 tubes of Dyer’s roving-frame, equi- 
valent to 800 throstle spindles. 

For coarse ^spinning, where the card-ends are 
not received in cans (to save hand-labour), the 
card delivers its end on a roller, which rests on a 
horizontal carrier wooden drum. One bobbin roller 
usually takes on two ends together, through a guide 
funnel, which is carried at the # extremity of a tra- 
versing arm, nfeved by a pinion, which works in a 
horizontal gridtflpn rack, alternately to^the right hand 
and the left* upon the uffper and guilder surface of the 
rack ; wherejjy the double card-ends are wound in 
.parallel rows, without grossing eac h other. Four of 
these large bobbins, thus Jilled with card-encfl, are 
laid in horizontal frames, from which they deliver their 
ends to one drawing head, wherein eight endi are 
again combined through one guide funnel, and, after 
drawing, are wound upon another large bobbin, also re» 
volving in a horizontal plane by the friction of a carrier 
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drum. By such artifices cans are now entirely super- 
feded in the carding and drawing departments of 
several coarse spinning-mills, as in the progress of 
machinery they may probably come to be also in fine 
spinning-mills. The wooden cylinder of the last- 
mentioned bdbbin is two inches in diameter, and has 
a steel axis driven hard into 0 each etid, which Js 
enclosed by a saucer-shaped tin platter . This is re- 

movable at pleasure. 

When the card-fleece from the comb exhibits in- 
equalities, it is a proof of bad carding, denoting ill- 
adjusted motions in the several cylinders* or want of 
truth in the play of the main-drum’ and the tops. 
This defective state must be^rrected immediately, 
for good yam could not be spun from card-ends of 
that texture. 

The card-overlooker is called a strapper when he 
cleans the card-teeth from the entangled filaments. 
He should clean the drum four of five times a-day, 
taking care that his stripping is made upon the seven 
or eight cards, constituting a preparation, in succession, 
and at regular intervals, whenever the lap allowance 
is passed through. He strips, in like manner, the tops, 
going over the first, the fdtirth, the seventh, and the 
tenth of one carding-engine, and then tbe same tops 
of a second engine, of a third, and thus^to the last in 
the series. Returning to the first engine, he strips, 
the second top, the fifth, the eighth, and the eleventh, 
throughout the set ; lastly, he strips the third, sixth, 
ninth, and twelfth. If there be fifteen tops, however, 
he makes an analogous distribution, whereby he 
secures uniformity of work. 

With regard to the main drum, and the doffer 
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cylinder, he contents himself with removing the light 
down which is whisked upon them, without stopping 
the engine. The urchins which move with the greatest 
velocity, can be stripped only when the carding ope- 
ration is suspended. 

The whole parts of the machine should be cleaned 
carefully twite daily^ namely, at the dinner hour, 
and when the business of the day is over. The 
moving parts must be lubricated in the morning, and 
at mid-day; and the drum evefy time the machine is 
stopped for the purpose of stripping. 

The grinding of cards was formerly executed 
always, and still is. in some small mills, by means of a 
flat, smooth bar of Wood, on which coarse-grained 
emery is fixed by glue, which forms a kind of hone or 
grindstone. This is placed in the position of one of 
the flat tops for sharpening the teeth of the main 
drum and over the other card-cylinders, by means 
of iron props, which allow it to be pressed more 
closely down as the teeth points are ground away. 

This hand-method was tedious* and incorrect. ^Two 
very ingenious machines are no\v substituted instead 
of it ; one of th£m for grinding the tops, and another 
the cylinder caWs ; but they are not of sufficient im- 
portance to«merit the detail of engravings and de- 
scriptions necessary to make them intelligible to the 
general reader. 


SECTION III. 

The Drawing Frame. 

The principle and object of the next operations in 
a cotton-mill are entirely different from the preceding. 
They are intended to draw out and elongate the 
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spongy slivers or ribands, but particularly to straighten 
the filaments, and lay them as parallel to eat Other 
as possible. This effect is produced by the action of 
revolving rollers ; and it can be clearly understood 
only by an attentive and minute consideration of the 
operation of such mechanisms upon textile fibres. Sir 
Richard Arkwright, who was the uftdoftbted inventor 
and first constructor of the drawing-frame, was so im- 
pressed with its importance in automatic spinning, 
that when any bad work was turned out, he imme- 
diately desired his people to " mind their drawings” 
The drawing-frame likewise serves to equalize the 
constitution of the cotton wool, by uniting many slivers 
into one, so as mutually to correct each other s defects, 
and also to attenuate the sliver preparatory to the next 
process. The cards, no doubt, tend to straighten 
many of the filaments, but they also double not a few 
by catching them by the middle. The drawing un- 
does all these foldings of the fibres when it is well 
conducted, and is, therefore, the most curious process 
in a philosophical point of view, which factory genius 
displays. It constitutes, in my opinion, an irre- 
sistible proof of the scientific acum&i of Arkwright. 
It is the transcendental problem of fhe cotton-mill, 
and illustrates, best of all, the great principle of roller- 
spinning devised by that artist. The machine con- 
sists of upper and under rollers, the former being 
smooth, and covered with an elastic leather coat, the 
latter being fluted longitudinally, in order to seize and 
pull dong the slenderest filaments. Of such twin 
rollers there are usually three pairs in one line of 
traction and one parallel plane, whereof the under 
ones are driven by wheel- work, with successive degrees 
of velocity, and carry round, by the mere friction of 



fRAME. 47 

the sharp-edged flutings, the upper ones which are 
pressed upon them by a considerable weight. 

Fig. 41, 42* 43, 44, represent the Drawing Frame 
in its most perfect form. Fig. 41, is an end view; 


0 * 



fig. 42 is a front view of one head of the machine; 
fig. 43 show r s a section of the working parts drawn to 
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a double size ; and fig. 44 illustrates the manner in 
which the top rollers are made to press upon the 
under ones. 

A is the frame which bears at its top the strong 
roller-beam B, upon which several drawing heads are 
fixed ; one only of these heads being shown in fig. 4&. 



Kg. 49.-— Drawing Frame. Front View of one head. Scale, one inch to the loot 
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C is a horizontal shaft running the whole length of the 
machine, furnished with several pulleys D, which give 
motion to the several drawing heads; the fust and 
loose pulley^ E deriving, as usual, their motion from 
the mill shaft near the ceiling by a strap. See 
Chap. II. Book III. 

In fig. 43 b+c, slum the under rollers, and a\ b\ 
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d 9 their respective top rollers ; the former turn in brass 
bushes fixed upon iron bearings d. The front roller- 
beam F is fixed, but the bearings of the two other 
Tollers may be shifted in grooves, so as tq> make these 

ToVurs approach to, or recede from, each other, and 

from the front roller, till the adjustment of thiir mutual 
distances suitable to ¥ the length or , the, staple of the 
particular cotton-wool be attained; when the bearings 
are made fast in that situation by the screw-nut d act- 
ing upon the edges qf the slots in the slide-bearers. 
This adjustment constitutes an important improvement 
in the construction of the machine ; because, not long 
ago, these two bearings were so connected as to move 
together at an invariable distance, and to be thus 
jointly adjustable only to the front roller. BuJ in the 
machine here represented, the intervals between each 
two of the three rollers may be varied within proper 
limits at pleasure. The slut piece d adjupts the roller 
«, and a similar slot piece at the other side of the 
head adjusts the roller h. 

The length of the*top rollers is equal to that of two 
fluted portions of the under rollers, as plainly seen in 
fig. 42 ; and the top rollers turn with their necks in 
bearings, which are adjustable in a similar way to the 
bearings of the under rollers, as shown also in fig. 42. 

In the middle of each top roller, a' , //, cVfig. 41, there 
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h a smooth neck, upon which the brass bushes r, f, 
rest, suspending weights g g ' , fig. 43, by wires h h\ 
*?• 43, 44. In general, the two back roller*, which 
turn most slowly, are pressed down by one common 
weight, while the front roller is pressed by a separate 
one. The three top rollers are covered with a ma- 
hogany bar i, •faced below with tlannel cloth for the 
purpose of wiping off any stray filaments which may 
tend to adhere to the top rollers. A corresponding 
bar /, also about an inch thick, faced with flannel 
above, and as long as one head, fig. 42, is made to 
bear by a Jighf weight , m , fig. 44. upwards against the 
two front rollers*^ and c, to wipe them also from stray 
filaments. The cord or wire from m is seen going 
over the neck of the roller r, and down again to sus- 
pend the wiper-bar of mahogany /. 

Tn figs. 41 and 43 G represents a smooth curved 
brass or ti#plate, seen separate in plan in fig. 45, 



Fig. 46.— Drawing Frwnr ; curved guide put** of the drawings. 

along the channelled surface of which the slivers 
(porous ribands) //, n , fig. 43, from the re*pecti\ecans 
H, II, standing at the hack of the machine, are intro- 
duced to the rollers, and are kept apart by the pins o, 
fixed upbn a brass bar p , figs* 41 and 43. In this 
way from three to six slivers may be brought to- 
gether and umted upon one fluted portion of the 
under rollers. In fig. 45 the same end is seen to he 
effected by a plate having converging channels, sepa- 

d 2 
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rated by ridges, to guide several slivers in upon one 
fluting. 

This compound or scxtupled sliver, in passing be* 
tween the roller scries, is drawn out most particularly 
by the front roller into a uniform, somewhat attenu- 
ated, and much elongated sliver. Of such slivers, 
usually two arc again brought together in a funnel I, 
and delivered by the two smooth rollers K K', into a 
can L, standing in front of the machine. Occasionally 
one of the slivers, just%after its delivery, is turned back 
over the smooth roller K', and united with the slivers 
entering the funnel of t lie adjoining drawing. The 
smooth roller K turns in bearings of the frame M, 
which is attached to the roller-beam 13, and supports 
the funnels I. The top roller K' presses upon the 
other by its own weight, and is turned from the under 
roller by wheels q q, fig. 42, fixed upon their ends. 
The purpose of this funnel and long pair of smooth 
rollers is to collect, into a compact riband, the cotton 
filaments which were previously spread broad and 
thin between the drawing rollers a , f;, c . Hence those 
rollers must have a surface velocity equal to that of 
the front fluted roller r. The motions of the machine 
are produced in the following way : — N represents the 
usual fast and loose pulley in the prolongation of the 
front roller shaft. The steam-pulley receives motion 
by a strap from the pulley D, upon the horizontal shaft 
C. Upon the same front roller-shaft is also fixed the 
pinion 1, fig. 43, driving, by the carrier (intermediate) 
wheel 2, the wheel 3, on the end of the smooth roller 
K. Upon the other end of the shaft of the front 
fluted roller c is a pinion, (figs. 41, 42,) driving the 
shaft O, (figs. 42, 43,)'by means of the wheel 5. Close 
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to the last wheel, and upon the same shaft, is another 
smaller wheel 6, which •drives a larger wheel 7, made 
fast to the prolongated middle roller b. Upon tho 
other end of the shaft 0 is a wheel 8, driving tho 
wheel 9, which is attached to the back under roller a. 

A convenient and common mode of increasing tho 
speed of the iront roller c, without being obliged to 
use wheels too much cliffcring in diameter, is to make 
that roller somewhat thicker than the others; so that 
it may be one inch and one quarter, or one inch and 
three-eighths, while the others may be from seven- 
eighths of an inch to one inch. The ratio of the sur 
fiice speed of the front roller r, to that of the back 
roller a 9 varies from 4 or G to 1 ; and that ratio may 
be modified by changing the wheels according to the 
size of the sliver that is desired. The difference be- 
tween the speed of the two back rollers a and h is in-* 
considerables being no more than one- tenth part, or 
thereby ; the middle one serving rather as a guide in 
leading the filaments to the front roller* 

The drawing tenter must be «very careful to ntbnd 
the feeding sliver-ends whenever any one of them 
breaks, and to s£op the machine* by sliding the strap 
upon the loose pulley at N, in case the delivering roller 
be in fault 

The drawing rollers above mentioned are cylindri- 
cal rods, subdivided into fluted portions, to each of 
which one sliver is assigned, as shown in fig. 42. Two 
such portions are covered with a top roller, having a 
narrow neck in its middle part, and resting at its ends 
or journals, in slot-bearings which lie between the 
fluted portions of the under rollers, as plainly seen 
over I I, in fig. 42* Upon each neck of the front top 



54 


DKAWING 


roller is a brass hook, c ', fig. 44, to which a weight. A', 
is hung, w hilst another weight, at It, acts upon the centre 
of a brass plate (under e) resting upon the necks of 
the two upper back rollers, a\ b f . The slot -bearings 
of the top rollers are attached to a bar, y>, at the back 
of the rollers, which is fixed with its axis in the draw- 
ing heads, F (figs. 11 and 43), vvhiwh the under 
rollers rest upon, in order to turn them round, if the 
.latter are to be taken out. 

The scale of figs. ;il and 42 is 1 inch to the foot; 
that of 43 and 41 is 2 inches to the foot. 

Having explained the structure and general action 
of the drawing frame, it may be worth while to ex- 
amine the changes it produces on the cotton staple a 
little more minutely. 

IV ere the surface velocities of the three rollers, 
(\ fig. 43, equal, the card ends, ?/, «, after gliding 
over (*, would passthrough to the funnel i unchanged. 
Hut the velocity of b and v being greater than that of 
a, the former will deliver a greater length of riband 
than they receive frem the first, or than this receives 
from the' cans, II. H. Under these circumstances the 
only result must he a proportional extension of the 
riband or sliver, in the intermediate, space between 
ft, h , and c, and an approximation of the filaments to 
rectilinear parallel directions, during this stretching 
process. The rollers are so adjusted, as we have seen, 
that the drawing takes place chiefly between the first 
and the third pair: in .fact, the middle pair can have 
no influence in the drawing power beyond the differ- 
ence of the first and third. The intervals between 
a, by and c, or between their lines of contact with the 
upper rollers, should be in all cases calculated so that 
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they may exceed the average length of the cotton fila- 
ments ; and so that these filaments may not be placed 
in danger of being torn by the third pair pulling, while 
the second pair has a firm hold of their other ends. 
Between these two pairs of rollers, however, where the 
principal drawing occurs, the distance should Ik* no 
greater than* is •absolutely necessary to render the 
drawing out of the fibres alongside of each other 
practicable without their disruption; this adjustment 
being requisite to the uniformity of the drawing 
operation. Were that interval too great, it is obvious 
that a sliver in running through the rollers would be- 
come attenuated in the middle point between them, 
or might possibly break asunder; hence the drawing 
will be the more regular, the more nicely the intersti- 
tial space between the ryjilers is adapted to the* length 
of the staple of the cotton. When one end of a fila- 
ment, after being ushered in by the hack rollers, is 
laid hold of by tin* second or middle pair, it is twitched 
suddenly forwards in a very gentle manner, so as to 
st ret eli it very slightly; but vphen advancing, ft is 
seized by the front pair, and is more forcibly pulled at 
one end, while p is held at thd other by the friction 
of its fellow fi^unents detained by the slower rollers; 
the distances of the different rollers being previously 
adjusted exactly to the average length of the staple. 
r I1ie sliver thus drawn, with multiplied doublings, ac- 
quires a regularity of texture which, if not impaired in 
the subsecpient processes, entires a level yarn to the 
cotton-spinner. 

Were the draw ing of a single sliver attempted to be 
continued until the suitable parallelism of its fila- 
ments were effected, it would ere long become an im- 
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possible operation, on account of the excessive attenu-' 
ation of the riband. This inconvenience is obviated 
by the* very simple method of associating at each re- 
peated drawing several of the formerly-drawn slivers 
together into one riband: this is the process called 
doubling. It is an accurate imitation of what hap- 
pens when we take a little cotton wool •between the 
ffljgers and thumb of one hand, and draw it out with 
tho|f e of the other, at each turn laying the two parcels 
parallel again. The doubling secures the great ad- 
vantW e of causing the unequal parts of slivers to cor- 
rect o ue another, and to produce finally a very uni- 
form ri^ )an d* 

In th»° preparation department for spinning the 
mean c</ JUllts of 3(Vs or 40's, three drawing heads are 
appropriated to each card, #nd the doubling upon 
tlie^'O heads is as follows : J- ; * ; y, constituting one 
multiple sliver after 324 doublings. 

, In other good factories, four drawing heads go to 
onjjO card, and these supply slivers to one coarsc-bobbin 
rand-fly frame, and to three fine frames. 

Some manufacturers have lately introduced a double 
roller beam, and a double draught at the same 
doubling, into their drawing-frames. I have seen this 
contrivance working satisfactorily in mills where low 
numbers were spun, and where the tube-roving frame 
was employed ; but I was informed, by competent 
judges, that it was not advisable where a superior 
fabric of calicoes for printing was manufactured. 

In another factory, I found that 2,000 pounds of 
Bowed Georgian cottons were put through seven 
cards (breakers and finishers) weekly, which supplied 
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work to three drawing heads ; and to one coarse, and 
two fine bobbin-and-fly frames. The numbers spun 
were 20 s. 

In the finest spinning mills, the doublings at the 
drawing frame are far more numerous, of which the 
following numbers form a good example : — 



If these numerators, wliich indicate the number of 
slivers united at each successive drawing, be multi* 
plied together, they will give the product 48.384; to 
which may he added another doubling at the eo&rso 
bobbin-and-fly frame, or the stretcher mule, consti- 
tuting in all nearly 100,000 times that the fibres are 
repeatedly placed parallel to each other before a thread 
is attempted to be spun.^ Such is the mechanical 
refinement, of which the conception is originally due 
to the genius of Arkwright. It gives mathematical 
equality to the most irregular, and, at first sight, 
evanescent filament. In such a fine mill, the first head 
furnishes drawings for the next two heads ; the second 
and third heads supply the fourth and fifth heads. 
There are indeed sometimes seven ‘successive drawing 
and doubling operations. 

Suppose that in a drawing-frame of four heads the 
extension or draught operated upon the sliver in each 
is as the number 4. Go to 1, tve shall have the fol- 
lowing ratio 

JL x — x ~ x ±- = JJ* L m tJ | 

4J& 4 j » * 4M * 44b 446.10 

Hence, with 1,080 doublings, the card-end has become 
2.3L times heavier or stronger. It had originally a 
weight corresponding* to number 28 upon our scale 
of count# ; and it !fas become ~~ = it.i, showing that 

n % 
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many more filaments are now arranged in nearly the 
same-sized riband, in consequence of their condensa- 
tion, from being straightened and laid closely parallel. 
In the drawing operation there is no sensible waste of 
£he cotton wool. 

Nothing is easier than to cHfcnge the relative velo- 
cities of the drawing machinery, by rfUbsfituting, for the 
existing toothed wheels, others of a different count, 
either to increase or to diminish the number of the 
sliver. Drawing-franibs are usually furnished by their 
constructors with these change wheels, which, by means 
of the shot and screw mode of fixture, are easily sub- 
stituted for the others. 

The mean velocity of the delivering-fluted roller is 
about. 160 turns per minute, which, if it be 1| inch 
in diameter, or 3*05 inches in circumference, will give 
out nearly 53 feet per minute. Many of them dis- 
charge GO feet per minute, or 1 foot per second. 


SECTION IV.— Roving Frames. 

After the process, of drawing as just described, the 
next operation of a cotton-mill is the making a roving, 
or thin sliver, which is very tenderly twisted, at least 
in the course of its attenuation. In the tube- roving 
frame the twist is merely momentary. In this stage 
of the cotton manufacture, the utmost delicacy is re- 
quired to preserve the evenness of the spongy cord, 
upon which the final* lqydnoss of the yam depends. 
An incredible number of machines lias been contrived, 
since the first elegant cun-roving frame of Arkwright, 
for the purpose of performing this process with preci- 
sion and speed. By meihs of that frame (see figs. 
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46 and 47) the slivers, after passing through the usual 
drawing rollers, where they were considerably elon- 
gated, received a slight twist from the revolution of 
the tin cans into which the rovings fell, and were dis- 
tributed round its interior surface in regular coils by 
the centrifugal force. ^ It is in fact the drawing- frame, 
fig. 41, with*hececeiving cans set in rotation upon a 
central pivot. 

A, A, are the tin cans containing two sets of draw- 
ings in^fig. 46, and several card-ends in fig. 47 ; d, c. 


d b 



FTg. 46. Can- llov ing Frame of Arkwright. 

are the front pair of drawing rollers ; b, a , the back 
pair (the middle being suppressed, for the sake of 
simplifying the illustration) ; f, e, in fig. 47, are the 
delivering smooth rollers ; g is, the funnel for contract- 
ing and rounding the sliv$r a little before it passes 
through the delivering rollers ; B is the receiving can, 
where, in fig. 46, coils of roving are exhibited. 
The can B has a oKr ^?ft open in that figure) for 
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Fig. 47. — Common Roving Frame. 


removing the rovings, when it was tilled. They were 
then taken by girls and wound upon bobbins, with 
the aid of a simple machine, called a winding-block, 
ajgo the invention of Arkwright. Sometimes the cans 
were made of what was called t ho skeleton kind, so 
that* tlie interior cage«fraine could be taken out full of 
roving, and carried to the winding-block. This was 
an improvement, as ft saved the risk, of injuring the 
tender rovings by handling thAi. Aj t other times, 
these skeleton frames were transported at once, and 
placed in connection with the next maclmie, in the 
factory scries at the time, which drew out the contents 
slowly, as wanted, at the top orifice. 

Very good yam waa made by Messrs, Arkwright 
and Messrs. Strutt with tRe aid of this roving appa- 
ratus, but in ordinary hands it was found to have 
many defects. The torsion wasgpt equally diffused 
over the whole length of tl^rovmg ; and the subse* 
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quent winding or drawing out of the cans injured the 
rovings, if they were equally twisted. Considerable 
expense was also iucurred in the winding process. 

To obviate these evilg, the Jack-frame, or Jflck-in- 
a-Box, was contrived— very ingenious, but rather 
complex mechanisn^md therefore liable to frequent 
derangement. JFig.^48 exhibits an outline of its con- 



Fig. 48. — Jack'Xuvinf Kratrn*. or Jack-inaJlo*. 

struction. B is the carrier cylinder, made to revolve 
by wheel-work (not shown her*) at such a rate, that 
its surface velocity is the same w’ith that of the front 
drawing roller A is the bobbjn*lying upon it. ; C the 
guide-wire, \vjjh dye at its end, which was made to 
traverse from right to left and left to right alternately, 
thus equalizing the distribution of the roving upon 
the bobbin. The vertical rotatory motion of the jack- 
frame upon its pivot, like that of the revolving cafi> 
gave the twist. 

The jack-in-the-box was after some time superseded 
by the bobbin-atid-fly frame— a contrivance upon the 
same principle as Ahr flax or Saxon hand-wheel (flg. 
16), already described, #nd which Arkwright, with 
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singular sagacity, Sought to apply at the earliest period 
to cotton-roving ; though he found the state of mecha- 
nical refinement then inadequate to realize this happy 
concertum. But, in fact, thiv beautiful machine has 
arrived at its present state o^erfection through more 
numerous efforts of ingenuity, agd by the co-operative 
agency of a greater variety of individuals, than any 
Other mechanism known in the cotton trade. The 
chief difficulty in these machines proceeded from the 
soil delicat^tojuro of »the roving, and the nicety re- 
quired to wnWr it on at neither a faster nor a slower 
rate than the front-roller pair sent it forth. This 
nicety was increased by the ever-varying circumference 
of the bobbin within the flyer, as well as by the 
changes occasionally required in the degree of twist 
to be given to the roving for particular purposes. To 
accomplish these several objects, with precision and 
facility, was for many years a desideratum in cotton 
manufactories. 

The peculiar functions of this class of machines may 
be aVranged under two heads : 1, the twisting action ; 
2, the winding-on motion. 

The twisting is effected by the revolution of the 
spindle (see fig. 49) F, to Wicj^ the fly-fork is 
attached, while the sliver A, in its passage from the 
roller to the bobbin, proceeds along the nollow arm, 
II H, of the flyer, which, being of one piece with the 
spindle, revolves with it; the quantity of twist 'given to 
the roving depends upon the ratio between the surface 
Speed of the front roller and the revolutions of the 
spindle. The winding -on was accomplished in jack- 
frames by a uniform motion appluj^ by a carrier roller 
to the surface of the roving jon the bobbin, which was 
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made to correspond exactly with the surface speed of 
the front roller ; but in the bobbin-and-fly frame it is 
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accomplished by gif ing to tbe bobbin such a velocity 
that the difference between the motion of the surface 
of the bobbin, and the motion of the delivering end at 
the arm of the flyer, shall equal the surface motion of 
the roller, or the supply of sliver. This distinction 
between the action of the jack-frame (to which, in the 
winding-on, the tube-frame may Jje assimilated), and 
the bobbin-and-fly frame, must be constantly kept in 
view. 

In the bqhyn-ancl-fly frame the bobbin revolves 
round tbe spitmio, and not at right angfcn to it, as’ in 
the jack-frame, which circumstance removes many of 
the objections justly urged against the Matter contriv- 
ance. The first, bobbin-and-fly frames were of a very 
complicated kind, containing three or four conical 
drums for producing the several variable motions. 
These were gradually diminished, and the whole was 
simplified, and reduced to the state in which we find it, 
first by the indefatigable labours of Messrs. Cocker 
and Higgins, the eminent engineering-mechanicians, 
and partly by the irtventive ingenuity of Henry 
Houldsworth, jun., lisq., formerly of Glasgow, now of 
Manchester. 

FroflMhe position of the bobflh upon the axis of 
the spindle, it is obvious that every revolution of the 
spindle or delivering arm of the flyer round the bobbin 
supposed at rest, or ahead of it supposed in motion, will 
wind up a length of roving equal to the determinate 
periphery of the bobbin, the end of the roving being 
previously attached to it. But as the number of revo- 
lutions of the spindle requisite to give the desired 
degree of twist has no necessary Connection with, but, 
in fact, greatly exceeds the number of turns required 
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to wind up the length of roving delivered by the front 
rollers, it follows that, unless some scheme be contrived 
for lessening progressively the number of revolutions 
of the flyer round the bobbin, the roving will be coiled 
up too fast, and will be infallibly stretched and broken, 
Tliis scheme cannot consist in reducing the number of 
revolutions of«thetflyer (for these must be proportional 
to the desired degree of torsion), but in making the 
bobbin revolve in the same direction with the spindle, 
but at a speed so much less than it cause the 
circumference ^the bobbin to fall behind the deliver- 
ing arm of the flyer, so that the difference of their 
velocities shall sequal the rate at which the roving 
issues from the front roller. Thus, if a given length of 
roving, equal, for instance, to the periphery of the front 
roller, or four inches, be equal also to one circumference 
of the bobbin at a certain stage of its increase, then, to 
wind up this length, the arm of the flyer must revolve 
several times about die bobbin till it has got ahead of 
its surface rotation by four inches ; and this may be 
effected either by making the spindle turn once round 
while the bobbin stands still, or by making tile bobbin 
revolve one turn .less than the qpftullc, whatever may 
be the speed of th$ aJUhdle. If the spindle, 
ample, makes ten turns while the above four inches 
are given out by the rollers, then the bobbin will re- 
quire to make nine turns ; or, if the spindle makes 
twenty turns, the bobbin will require to make nineteen* 
The same result will be produced whatever be the 
speed of tha spindle, provided the difference between 
the circular space, percurred by the spindle and the 
bobbin in the given £ime, remains four inches. This 
difference# which represents exactly the requisite wind- 
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ing-on motion, is*, therefore, dependent jointly upon 
th# speed of the front roller, or the delivering motion, 
and upon the size of the circumference of the bobbin at 
the particular stage of the winding-on, and is quite 
independent of the twist or the velocity of the spindle. 

From the manner in which the first bobCin-and-Hy 
frames were constructed, every change in the twist re- 
quired a corresponding change in the speed of the 
bobbin — a change not proportional to that of the twist, 
but such as yrould preserve the difference between the 
motion of the spindle, and bobbin as it \tj§s, relatively* to 
the roller. Thus if the spindle, turning ten times while 
the bobbin turned nine times, gave the proper differ- 
ence of motion as 1, for winding- 011 , then if the twist was 
doubled, the s]>eed of the bobbin would require to be 
more than doubled, for, as the spindle would then turn 
20 times, the bobbin ought to turn not 18, but 10 times, 
in order to maintain the same difference of motion = 1, 
as at first. 

The object of the recent improvements of this im- 
portant machine, for most of which the world is 
indebted to Mr. Houldsworth, has been to get rid of 
the difficulty of making, these perpetually recurring 
and^pry intricate adjustments of tli# speed of the 
bobbin, which w'ere found in practice to be beyond the 
capacity of most overlookers of the preparation-rooms 
of cotton-mills, who seldom arrived at the correct dif- 
ference till after an expensive and wasteful series of 
errors and alterations; whereby the quality of the 
work was more or less damaged for several weeks at 
each change of the twist or of the cotton staple. It is 
only since these improvements of Mr. Houldsworth 
were introduced, about eight or nine years ago, that 
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excellent yarn has been turned of? with increased uni- 
formity and speed, so as to extend the trade by lower* 
ing the cost of producing a superior article. The good 
yarn formerly made, required prodigious pains in the 
first adjustment of the machine ; and its quality could 
not be altered to suit a new market without extraordi- 
nary exertion^ oif the jwt of the mechanics as well as 
the spinners of a factory. 

Green, a tinman in Mansfield, who had been occa- 
sionally employed in a cotton-\nill in the neighbour- 
hood 1 of that town, became acquainted with the difficulty 
now stated, and, being of a scheming turn of mind, hit 
upon the novef idea of connecting the spindle and 
bobbin together in such a manner as to be able to 
modify the speed of the bobbin, or to make it differ 
from that of the spindle, by a train of mechanism 
acted upon by the front roller, upon which, as already 
slated, the quantity of the winding-on motion depends. 
By this mechanism he was able at pleasure to regulate 
the difference of speed between the spindle and # the 
bobbin, without reference to the velocity of the spindle; 
so that alterations of the twist did not, as formerly, 
require any altered adjustment of the bobbin option. 

'I’ke difference betiJlen all the old constructi^pfond 
this new onq may be illustrated popularly as follows : 
— Suppose two ships, sailing in the same direction, one 
after the other, and that the pilot of the stcmmost is 
desired to follow his leader at such a rate as to fiill 
behind one mile every hour* whatever be the speed of 
the first ship. There are two ways in which the pilot 
may execute his orders: first, he may measure the 
speed of the leading ship, and regulate his rate of 
•ailing accordingly, but this would be a vdry di ffi cu l t 
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if *not impracticable undertaking J secondly, he may 
atteeh a line to his leader,* and let it out at the rate o t 
aMtnile per hdtir. Thus he 1 would make sure work; 
but, if he adopted the first plan, he would require to 
Bote incessantly the changed velocity of his leader, and 
study to slacken his own rate accordingly, so as always 
to recede a mile in the hour. Hy th<? second plan, all 
the concern and uncertainty of looking after the first 
•hip would be superseded, and he might perform his 
task with equal certairtty by night as by day. 

This illustration will enable any one thoroughly to 
apprehend the difference between the old bobbin-and- 
fly frame movements, and those of Green ; for if we 
consider the spindle in the old construction to be the 
leader, the bobbin tho follower, and the mile an hour 
of retardation (the required difference of speed between 
the spindle and bobbin, in order to wind up the roving 
as it is delivered by the front rollers), then, by the first 
mode of piloting the secoiyi ship, we see exemplified 
the. difficulty imposed upon the workman with the 
former machines, when changes in the twist, that is, 
in the relation between the speed of the spindle and 
the rollers, were required ; hut, on the second plan of 
•ailit^fwe see the value of Green's idee, of connecting 
the spindle and bobbin in such a manner that the re- 
quired difference of motion shall be regulated and 
measured by the front roller, just as the rope connect- 
ing the two ships could be let out at a uniform rate, 
whatever changes were v mi}de in the speed of the leader, 
and of course of the follower. Mr. Green obtained a 
patent for his invention upon the 26th of June, 1823, 
and states in the specification that the object of his 
improvement in roving, spinning, &c., “is to retard in 
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a small degree the revolution of this bobbin, by which 
it shall revolve in the proportion of about nine times 
to ten of the spindle, and hence in every ten revolu* 
tions of the spindle the thread will be lkid once round 
the bobbin/* * I need not transcribe his description of 
the apparatus, as it could not be successfully brought 
into practice 9 not. from any error in the general prin* 
ciple, which was soumf, but from his manner of applying 
it. The great objections to its use were, first, that the 
complex regulating mechanism wus applied to every 
spindle; and, second, that upon the stem of each spindle, 
below the bobbin, there were two tubes subjected to 
quick reciprocating motions, and thence very liable to 
become deranged, or to derange the bobbin and fly. 
A skilful mechanician, w ho gave the scheme a full trial, 
assured me that he was compelled to relinquish it in 
consequence of the accidents which perpetually hap- 
pened to the studs that projected from the stem of the 
spindle, and worked in a spiral groove cut in the tube 
round the spindle-stem which carried the bobbins. 
These studs struck upon the top* and bottoms of this 
spiral groove, at every cliangc of direction, with such 
violence, during, the rotation pf'tlie spindles, as to 
break everything in pieces. In fact, any on«#tnay 
conceive that quick reciprocations of movement, with 
a spindle revolving many hundred times in the minute, 
must be inconsistent with mechanical stability. 

The idea was not, however, lost to the world, for 
Mr. Ii. Houldsworth took it up, and invented in 1824 
a method of communicating ‘motion to the bobbins by 
smooth rotatory means, which removed completely 
the difficulties encountered by Mr. Green, and reduced 

* Newton’* Journal of Science, voL fill* p. 284. 
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the bobbin- and- fljfframe in this important particular 
to a simplicity and precision of adjustment accomr 
modated to the capacity of any intelligent workman. 
Mr. Houldsworth obtained a patent for his admirable 
invention in January, 1826. 

Before entering into a detailed descriptibn of this 
mechanism, which affords perhaps the <niost refined 
specimen of the automatic equating principle to be 
found in the whole Compass of science and art, I shall 
advert to a point not* sufficiently brought out in the 
preliminary elucidation. While the circumference of 
the bobbin is equal to that of the front roller, during 
the time of every turn of the latter the bobbin must 
make one turn less than the spindle, in order that it 
may take up the roving which has been simulta- 
neously given out. Thus, if the spindle makes six. 
turns for one turn of the roller, the bobbin must, in 
the same time, make five turns. But we must re- 
member that the bobbin is perpetually increasing in 
size, so that,«by every successive layer of the tender 
spongy cord, its metion rcqiiires to be quickened 
(otherwise it would take up too fast by its enlarged 
surface), so that thb difference between its rotatory 
motion, and that of the spindle, shall become less. 
When the bobbin, for instance, is twice the diameter 
of the roller, its speed would require to be five and 
a half (instead of six, as at first), while the spindle- 
still makes six turns, because one-half the circum- 
ference of the bobbin now is equal to the whole of it 
when empty, and to the whole surface motion of the 
front roller. Hence the speed of the bobbiu, when 
empty, is to the speed of the bobbin, when so filled, as 
fivq to five and a half — a retardation which is effected 
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by causing the driving-strap to slidVidong the surface 
of a conical drum. This proportion does not, however, 
remain constant when a change of twist is to be made* 
and hence the cone motion was inadequate to remedy 
the defect, till Mr. Ilouldsworth’s differential system 
was introduced along with it. 

Description of tfie Bobbin- and- Fly Frame . 

This beautiful machine, as constructed by Messrs. 
Cocker and Higgins, with the$e modern patent im- 
provements, is represented in plate IV., and in figs. 
49, 50, 51, afid 52, and deserves the peculiar study of 
the philosopher, *on account of its exquisite mechanical 
combinations. It consists of several organic struc- 
tures, which may be separately considered. There is 
a roller-beam similar to that described under the 
drawing-frame, and there are vertical revolving rods of 
steel, called spindles, bearing on their summits a bifur- 
cated piece, called a flyer, ofjvhich one leg if tubular, 
and serves to conduct the soft roving frortHhe nose # of 
the spindle to the bobbin (see fig *49). By the revolu- 
tion of the spindle and flyer the cotton slab receives its 
twist, and by the difference of the rotation of the flyer 
and bobbin it i§ Wound upon the latter exactly in pro- 
portion as it p given off by the rollers. The winding- 
on takes place in a ratio compounded of the difference 
of the speed of the bobbin and flyer, and of the cir- 
cumference of the bobbin. Were the winding-on to 
be a constant quantity, like t)ie •motion of the deliver- 
ing rollers, the product of the two numbers would 
remain the same ; but when one of them alters, as 
happens to the diameter of the bobbin, which is con-' 
stantly increasing, the other quantity, namely, the 
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difference betw#(?the number of revolutions of the 
bobbin and tbe flyer, must be decregfed ; a change 
produced by increasing the speed of thfthpbbins, while 
tbe flyers revdlve uniformly, in order to* give a uniform 
degree of torsion tgt a definite length of the delivered 
slab. As, therefore, the up-and-down motion of the 
bobbin, in the distribution of tjie roving over its sur- 
face, must be decreased in a constant progression 
according to the grist of the roving, so the rotation of 
the bobbin is increased by a motion compounded of 
the regular speed of the driving-shaft of the machine, 
and the decreased speed of the other paAl. 

Till lately the bobbins were fonned 6f wooden tubes, 
with flat circular ends of discs, which confined the 
roving; but-4 hose discs are nowtfiscontii\ped, as they 
were found to injure the roving in \arious ways for the 
best work. In the most-recently made fly-frames the 
bobbins are simple wooden tubes, upon which the 
roving ii^ wound, so as produce conical ends, by 
shortening, f£ler a certain period in the wiuding-on, the 
extent of the traverse, or up-andglown motion of the 
bobbin. 

Fig. 50 exhibits that end of the machine where the 
motions are communicated. Fig. 51 i**a cross section, 
taken parallel with the former \iew. Plate IV. is a 
part of the longitudinal back \ieW t containing all the 
working gear. The other parts (not shown here) are 
merely a series of spindles to suit the length of the 
space destined to accommodate the machine. 

* Two sets of bobbin-and-fly frames are generally 
used in the best factories, called the coarse and fine, 
or the first and second roving-frames ; they are both 
the $m$ &Q but the first is generally con* 
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attracted to larger dimension*, "but wftE fewer spindle*, 
and I# fed wijhslivers from cfins or* large bobbins 
filled at frame, plaeed at tHe back of the 

tri&ehtoe. ’Uta second roving 'frame is fed from the 
bobbins at the first frame, dtiich are arranged 
on upright skewers in a shelf, called the creel, placed 
behind the rcfter-bean*. Tins creel is shown in figs. SO 
and 51 ; but it is left out in plate IV., to prevent con* 
fusion. f 

A is the feat and loose pulley which is connected by 
a strap with (lie mill shaft, as shown attfc, in the trans- 
verse sectioiTOf the mill, plate II. 

B is a small ffy-wheci to f eqnalizegthe motion of the 
machine. 

C is a horizontal shaft going nearly the whole 
length of the frame, as seen in plate IV., and produ- 
cing all its internal motions. 

I) is a sret of draw ingr ifpllers mounted upon a beam E, 
fig. 51, of exactly the same (^ftstruction as^tlifit used in 
the drawing frame already described. The rollers are 
not, however, like thton, divided between se\emi inde- 
pendent heads, but are equally distributed along the 
length of the rftadiino, from the* one end to the other, 
and are supported at se\ eral places by bearings, similar 
to those seen *it the right end of the figure, upon which 
they rest in collars. 

P, F', are the spindles arranged in two rows, through 
the whole length of the frame, in such a way that 
those of one line stand in the intervals of the other,. 
These spindles are carried in the bearings a, a, fig. 51, 
and revolve upon the steps 6, 6. ,At their lower ends 
there are small bevel wheels c, striven by 

others d, d, fixed upon shafts &M) end 
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mill ihftfib? fcbt&d. Scale one inch to the foot. 
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of the machine to the other. In* order to allow these 
shafts to ntt^Rlong side of the spindles, the teeth of 
these bevel wheels c, c, and d> d, aje not cut in a line 
leading to the axis of their motion, but are cut as 
tangents tp a circle, whose radiuses cqrtWl to the dis- 
tance between' the centre of tiny horizontal shafts, and 
the centre of the? spiiflle. 

c> c y is the flyer, one arm of which is a tube with 
a slot to introduce the slab or roving, but the other is* 
a mere rod to counterbalance the former, and to pre- 
vent its flying off or getting loose upon the spindle, 
upon the conicalfummit of which it is pressed after the 
full bobbins have been changed for empty ones. Of fig. 
50, is tlie bobbin resting upon a plate connected with a 
small bevel wheel f t f similar to the wheels c, c, upon 
the spindles, as above described. They are driven 
independently of the revolving spindles by other 
wheels g, g, fixed upon shafts which run through the 
whole length of the machine/ and are moved by a me- 
chanism afterwards to be described. The bearings of 
the shaft of g, g, and the upper bearings of the spindles, 
are fixed to a strong beam II, pfytc IV., which slides 
slowly up and down, carrying* with it the shafts and 
wheels, which# give motion to the bobbins. In this up- 
and-down motion the bcam'is guided by several rods I, I, 
which connect the roller-beam E with an iron beam K 
resting with feet upon the floor, and made fast to the 
frame work of the ends of the machine. It if raised by 
several racks A, fig. 50, in which pinions i work, on a 
shaft also running the length of the machine, and which 
get by turns a motion to the right and the left The 
copping-beam H, which is covered with a casing of 
wood, which encloses also the shafts and wheels, is 

s 2 
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counterjiouted by weights suspended' to chains going 
over the pi^Uy k, k, fig. 51 and plate IV. 

Tile sliler| lefore entering between the back pair of 
drawing-folltfrt, is led through between two guides 
fixed upo^.ft wooden bar, wliich has a very slow lateral 
traverse motion, so as to shift the sliver alternately to 
the right aiifl loft, ajjout three-quarters of an inch, in 
order to prevent the leather covering of the top rollers 
from being indented or grooved by the slivers passing 
constantly over the same line # of their surface. Hi© 
motion is given to this bar, in this machine as well as 
in all the rdller spinning-machines, by a little excen- 
tric, or a crank? fixed upon a toothed- wheel, winch is 
moved by a suail-screw on the end of the axis of the 
back roller. See description of the throstle. 

L is the creel, which senes in the fine bobbin-and- 
fly frame to carry the bobbins filled with the rovings 
made at the coarse frame. From tho section fig. 51, it 
w ill be seen that this roving passes through wire-eyes, 
which extend the whole length of tho machine, to pro- 
tect it from being tom obliqueljT from the bobbins. 

In tho coarse roving- frame, the top of the machine 
behind the rollers is covered* with a smooth plate, 
upon which ttyc slivers glide towards the rollers* M 
is a rod st retelling along over the machine, having at 
its extremity a guide for pulling tho strap which 
drives the steam-pulley: this rod therefore serves, 
when slid to right or left, to put the machine into, or to 
throw it out of geer, as [he 9 tenter requires in the 
course of his work, at whatever part of the frame he 
may happen to be employed at the time. See plate IV* 

In order to explain the manner in wliich this 
curious mechanism acts, we must first turn our atten- 
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tion to the princij^l shaft C, C, a portion of which is' 
seen in plate IV. 

The two motions, which do not vary during the 
action of the machine, are those of the drawing- 
tollers, and the spindles ; the first giving otY a certain 
length of sliver, and die other revolving with a con- 
stant velocity to give a definite Regret* of twist \o the 
definite length of roving. 

Upon the end of >haft C is fixed a wheel 1 , which by 
means of the carrier-wheel 2, and the wheel 3, drives 
the shaft N, upon whose other end, and exterior 
to the right-hand framing, there is smother wheel 4, 
which drives a wheel 5, fixed on the prolonged end of 
the front roller ; a pinion 6, on the shaft of the same 
roller, drives by the carrier-wheels 7 and 8, a wheel 9, 
upon the back rollor-sliaft. From this shaft, motion is 
given to the middle roller by means of a earner- 
wheel, and two wheels, of nearly the same diameter, 
upon the other ends of the roller-shaft, which end is 
broken oft* in the engraving, plate IV., but is seen in 
the end view, fig. 50. ° 

10 is a bevel wheel fixed upon the shaft C, which 
by means of wheel 11*, drives the upright shaft l, l, 
and by the bevel wheels 12 and 13, the,, short shaft w, 
near the door. From this shaft, motion is transferred 
by spur-wheels to the first horizontal shaft, in order to 
drive one line or row of spindles, whilst itself moves 
the second shaft by means of two spur-wheels at- 
tached to them f and working one another. See plate IV* 

To produce the up-and-down motion of the bobbins, 
there is a pulley O, movable along the shaft N. A 
key or wedge, sliding in a groove of the latter, attaches 
k to the shaft, and makes it revolve with it. ITiis 
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pulley O, by means of a strap, tiyns the cone P; 
which receives a diminishing 1 rate 6f motion, as the 
strap advances from the smaller to the wider end. 
it is a pulley, pressed by a weight against the strap 
to keep it tight, and which advances with the other 
pulley 0. # Tile cone drives the shaft Q by the 
wheels 14 and 1*); and from these, by the wheels 16 
and 17, it drives the* upright shaft R, which by the 
intervention of the small bevel wheel 18, drives either 
of the wheels 19 or 20 on the *liaft S. One of them 
is shifted into geer with it by an apparatus, to be de* 
scribed hereafter. The shaft S is driven by these 
means to the right or to the left, and therefore turns, 
also, the pinion 21, at its end. The wheel 22 is 
made fast to the shaft with the pinions #, #, so as to 
move the latter, either in the one or the other direc- 
tion. The alternate up-and-down motion, formerly 
mentioned, is thus communicated to the copping-rail, 
which carries the bobbins. See I, I, in plate IV. 

The shaft Q has at its end a pinion 23, which 
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works in a toothed part ?£,tl^e apparatus. calkd (J|a 
differential box, Tbeing lie sulyect of Mr, Houldfr* 
Worth’s patent, tt is represented separately in fig** 
^2, 53> and 54. O' is a wheel, plate IV., revolving . 
likmely upon the shad C, figs. 52, 53, and 54, having 
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attached over it a bevel wheel p , which alsg revojvcs 
loose upon its own axis in a direction perpendicular 
to C; q and r are bevel wheels in geer with the 
bevel wheel p 9 whose axis is in the plane of the wheel 
o, and goes round with it ; q is fixed upon the shaft C, 
but r revolves loose upon C, and is connected with 
wheel 24. This apparatus is enclosed within two 
hollow cylinders! which join together to form one 
cylindric box ; each cylinder has one of the bevel 
wheels q or r fixed to it : these boxes joined serve to 
support the large spur-wheel e, which forms the 
middle pari of the cylindric box. 

Suppose now that the wheel o were stopped, it id 




FtV FRAME. 


f 

81 

that the betel wheeL? would drive r, by the 
intimation *6f p, with* the same speed, but in a con- 
trary direction; should the wheel o, however, also 
ifc^olve in the same direction with q, and with the 
SMnc velocity, it is manifest that no motion at all 
would be transmitted to the wheel r, which would 
therefore rerdain* at i^st, whilo encircled, as it were, 
with motion. But if the wheel ,0 turns more slowly 
than q> the wheel r will necessarily be made to turn 
with a velocity equal to the difference between the 
speeds of q and 0 . By gradually decreasing the 
speed of o (in proportion to the fineness of the roving) 
the wheel 24 win be turned with a velocity equal to 
the difference between a uniform motion (that of the 
spindles) and a variable motion (that required for the 
increasing diameter of the bobbins). From wheel 24, 
motion is transmitted to regulate that of the bobbin 
in winding the roving upon it, agreeably to the prin- 
ciples formerly stated. The wheel 24 drives by the 
two carrier- w heels 25 and 26, a wheel on the first 
horizontal shaft for driving the* bobbins, shown by 
dotted lines in fig. 51 From the first shaft motion is 
given to the second by two spur-wheels 27 and 28, 
fixed upon the yncls of the shafts, and working in each 
other. # 

While the great copping-beam H, with the shafts 
attached to it, works up and down, the contact or 
gearing of the wheels 24, 25, 26, is preserved, as well 
a* that of the dotted wheel qn the shaft g, fig. 51, by 
means of two arms 9 and f, (to the left of the line of 
wheel-work 24, 25, 26, in plate IV.,) jointed at one 
of their ends, turning loose at the other end upon tho 
shafts g god C, and having fixed upon them the 

£ 3 Jk 
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central studs for carrying |he wheels 25 and 26 (as is 
(dearly shown in fig. 51, and in plate IV.). 

We have now to show how the pulley O, with its 
tightening pulley n, is gradually shifted, or made to 
alkie along the shaft N, in such manner as to communi- 
oate a variable motion to the cone P, and to cause it to 
turn progressively slower as it approaches its apex or 
summit, u is an oblong slot -plate of cast iron, 
screwed fast against the roller-beam E. On its stOf* 
face another piece v is ’fitted, so as to he susceptible Of 
a sliding motion. The upper and under edges of tljrfs 
piece are notched with ratchet -teeth, in which two 
clicks x an dy work . A perpendicular arm or branch w 
of that slide-piece can be adapted to it, at any height, 
by a bolt a' witli the lever Z, turning on the joint 6 
To the top c* of the lever a long horizontal rod d r is 
attached, which connects it with the guide-groove, in 
which tho pulley O moves upon the shaft N. From 
the same point a rope proceeds and runs over a pulley 
s', cuspending a weight /*, for drawing the lever Z in 
the direction of the* arrow (plate IV.); whence* t>y 
lifting one of the clicks x and ?/, a tooth of the slide- 
piece v escapes, and the other click ^catches the next 
tooth of tho rack. The successive lifting of one tooth 
after another, is performed by an upright rod g 1 
being moved a little up and down by the apparatus U, 
which is delineated separately in plan (see fig. 56), 
and in a front view (fig. 55). It is shown in a back view, 
in plate IV., in connexion with the whole machine. 
H, H, is the copping- rail for moving up and down all 
the bobbins simultaneously, to which is attached the 
piece h\ whidi by means of the straight slot above Z, 
moves the lever *', sliding in a staple-piece, which* 
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anaxisft'; at the lower end of thi? 
levesfsiihtfre ujtaurved slot, in which a stud orpin 
lids atteched tp the lever Z ; on the centre k r there in 
a tumbler!', {'furnished with a curved slot-branch, into* 
■Which axe screwedtw<>pins ml and n\ A pin or stud 
t/ screwed>dnto Uhe tumbler /', moves by tumbling 
(from the right to the left, or fron\thc left to the 
right,) the rod p\ so as to* shfft one of the bevel 
wheels 19 or 20, into geer with the wheel 18 {see 
plate IV.) ; by which means, as was formerly stated, 
the up-and-down motion of the copping-raii H is pro- 
duced. The tumbling of the lever loaded with a 
ball weight at its end, is occasioned by the lever i', 
which is moved up or down by h', fixed upon the 
copping-rail H, and presses against one of the pins 
m f Or n'; after having lifted one of them so high that 
the weight of the lever V gets into a position beyond its 
centre of gravity, (or lino of direction,) it will tumble 
suddenly over. The pin o' will thus strike against one 
of the catches qf attached to the rod p r , and lifting it 
from a projection upon the frame-piece r', will finally 
move the rod p either in the one direction or the 
other. 

By the tumbling of the lever i', its other end will 
also move the upright arm of the bed-crank ar 7 ; to 
the horizontal branch of which the rod g 7 is. joined, 
which disengages by the jerk of the tumbler, one of 
the clicks, or detents, x or plate IV. This escape- 
ment permits the slide-piece v to advance one tooth, 
and also to move the lever Z a little to the left, or in 
the direction of the arrow. This movement also 
makes the ; Jever f, fig. 55, 56, to slide a little back- 
wards through the staple-boss at k*, by means of the 
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pfef upon the fever *V bywhich i? » guwjed fe its 
ski; when moving up end down, in odH9equen6^«l its 
connexion with the piece A?, and die copping- mil H. 
The lever t # , therefore, after one goiog up ami dqjro 
(vertical traverse, or ascent asid^k^eftit) of the bob* 
bins coined to strike every time sooner add sooner 
against one of t^e pins m' ami n\ fixed* itt v the small 
curved slot of adjusftnent of the lever#/', ami thus 
shortens the extent or range of that motion, while also 
its velocity is decreased by the sliding of the strap 
from the smaller to the larger end of the cone, as was 
formerly explained. 

It remains ncsv to show only how the bobbins may 
be always filled to the same degree at each repetition 
of the movement, by the machine putting ittelf out of 
goer, at the definite period deemed proper for the 
spinner’s purpose. To the rack-piece v is attached a 
pin f', which, when the rack has arrived at the end 
of its course, strikes up the catch t/\ by which the 
bell-crank lever v', carrying the pulley e 7 , and the 
suspended weight f, is permitted to obey the action of 
this w.cight, and thus move the geering-rod M, so as 
to throw the drjving-strap from the steam- pulley, 
upon the loose one alongside of it 

The full bolfbins being now removed, add replaced 
by empty oufes, the roving-tenter (usually a female) 
brings back the rack v to its primitive position by the 
traction of the rope tc 7 , which is wound up by a 
winch-handle upon a small barrel x\ whose axis turns 
in the roller-beam E. Before the tenter works this 
handle, # she raises the end bearing t/ of the cone P, 
by a lever on which it rests, thus permitting the strap 
of the pulley O to slide easily to the smaller end of 
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the cone, while the rack is pulled back by the rope. 
The' bearing at the thick end of the cone z f turns, 
upon a stud fulcrum, so as to allow the thin end to 
be. readily lifted a little way by the hand of the 
operative. 

In fig. 49, p. 63, one of the roving spiftdles is re- 
presented, along with the bobbin , and its driving 
wheels. The modern mechanism is likewise shown 
for laying on the roving in a compressed state, which 
can be used only in* the frames adapted to make 
conical-shaped rovings (such as we have just de- 
scribed). Upon the end of the tube-arm of the flyer 
there is a brass ring a," with a brass* finger b ", rest- 
ing upon the roving of the bobbin, and pressing by 
means of a spring c*\ which works or re-acts against 
the shoulder d n of the ring. In the flattened point 
of the finger there is a slit through which the roving 
passes in its way to the bobbin, meanwhile revolving 
and gliding up and down under regulated pressure. 
By giving the roving a turn (as shown in the figure) 
round the finger, it* is prevented from being thrown 
out and unduly stretched by the centrifugal * force 
generated by the rotation of the flyer. 

In plate IV., a few spindles of the hack range are 
shown to complete our explanation of this seemingly 
complex but perfect automaton. One spindle is left 
naked, two are exhibited with the bobbins empty, and 
lone with a full bobbin. The spindles of the front 
range F" were broken over near the bottom, to keep 
the drawing neat and perspicuous. 

Fig. 57 represents, in a plan, or horizontal section, 
the copptng-rail H, with its two alternate rows of 
spindles viewed from above; three spindles being 
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shorn n mounted with their flyers and bobbins, 
three others without them, in order to exhibit 
driving shafts and wheels. 
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Fig, 58 is a back view of one end of the bobbin-and- 
fly frame of Messrs. Cocker and Higgins, with Mr* 
Houldsworth’s differential box, but without the bevel 
wheel movements of the spindles and bobbins* Ma- 
chines of this kind are now doing good work in a 
great many cotton-mills, and they therefore merit an 
explanation, were it for nothing else Ahaft to illustrate 
the rapid march of improvement in factory invention. 
It is adapted to the bobbins with disc ends, which are 
filled with a soft coil of roving in a cylindrical form. 
Fig. 59 is a cross section, showing merely some of the 
principal parts. 

This fly-frame differs from the mast recent (above 
described) in the following respects: — 1, In wanting 
the tumbling apparatus U, for reversing the motions 
of the copping- rail ; that motion being here produced 
by a uniformly revolving motion of the shaft S, work- 
ring by the pinion 21, upon its end, in the teeth of a 
Jnianglc- wheel, in which it shifts alternately from the 
putside to the inside, for reversing the direction of the 
movements. These, however, continue of equal extent 
ov s the roving here is laid on evenly from end to end 
the bobbin. In the absence of the apparatus U, 
the rod g*, which raises alternately one of the clicks 
jX&ndy, is disengaged with a jerk, directly from the 
;Copping-rail, the instant it arrives at the top and bot- 
tom of its course. 

* All the other motions and actions are the same in 
this and in the previously-described bobbin-and-fiy 
frame, except that the flyers arc not mounted with spring 
pressers, as the wooden ends of the bobbins would inter- 
fere with thei* Operation. This is certainly a great dis- 
advantage j Since a bobbin mounted with a presser can 
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take on a great deal more roving at a time, and need, 
therefore, to bd /ar less frequently changed in the 
creel, either of the fine bobbin-and-fly frame, the mule, 
or the throstle . I made the following experiments at 
Mr. Qrreli’s factory, omincompressed and compressed 
bobbins: — 

'Jne largo bobbin of the first* or foarse bob- 
bin-and-fly frame, contained of roving 0uacM * 
applied by the spring presser .... 14 
The same sized bobbin filled witli uncom- 
pressed rovings, only 7£ 

The smaller bobbins of the second, or fine 

o 

bobbin-and-fly frame, contained of com- 
pressed roving 8 

The same sized bobbin, uncompressed . . 2£ 

These numbers are the means of several weighings. 

2,400 inches, or 200 feet, of the fine roving weighed 
160 grains. It was perfectly uniform in texture; the 
motion of the large spindles in his frames being so 
true and easy, as tc be undiscemiblc by the eye. It 
was necessary to touch them, in order to ascertain 
whether they were* moving or at rest 

It is a principle universally recognised at the pre- 
sent day, especially for fine spinning, that the less 
twist rovings receive the better yam will they, ceteris 
paribus, furnish. 

The spindlgs in the above coarse roving-frame turn 
750 times in a minute, for 400 revolutions of the front 
roller, whose diameter is 11 inch. As its periphery 
is therefore very nearly 4 inches, that frame will turn 
oft for each spindle 4 x 100 = 400 inc^s per minute 
?s24,000 inches, or 666 J yards per horn*. 
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In the fine bobbin-and-fly frame, the spindles more 
with the same velocity, but the front itoller makes only 
SO revolutions in the minute; hence more twisting 
power is here employed in the proportion of 100 to 
80, and the quantity given off in one hour will be 
about 4 x Sfi x GO ss 19,200 inches = 1600 feet, or 
533| yards. 

A conical bobbin, with compressed roving from the 
fine bobbin-and-fly frame, will last in a. mule five 
days, and in a throstle six, which is three times longer 
than the uncompressed bobbins do. 

Coarse roving is often called slubhing. 

The advantage of the improved bobbin-and-fly 
frame, as above described, may be judged of from the 
following fact, which I learned from good authority at 
Manchester. In an excellent line spinning-mill, the 
revolving can-frame was long used, in conjunction 
with the stretcher mule, to make fine rovings. Of 
late years, since the first and second bobbin-and-fly 
frames have been introduced into this factory instead 
of the can-frame, three bobbin-and-fly frames with one 
stretcher mule do for 11. what formerly cost 16/. 

In the coarse bobbin-and-fly* frame the sliver i| 
doubled, by setting two cans with drawings in con- 
nexion with oye portion of the fluted roller. In the 
fine bobbin-and-fly frame, there is no doubling of the 
roving. To two sets of drawing-frames, two coarse 
bobbin-and-fly frames, and four fmc onqp are usually 
assigned. Fourteen cards Vtfl be equivalent to the 
whole— to constitute two preparations. 

In the bobbin-and-fly flume, the sliver is elongated 
about from fti r to six times ; the principal draught 
of being between the front and middle rollers, and 
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the remaining 1} between the middle and bdck 

reliefs. 

The mangle-wheel, for reversing the motion of the- 
eopping-rail, was introduced by Mr. Kennedy many 
years ago into the bobbin-ami- fly frames; hi# the 
conical form of the bobbin is found so favourable to* 
fine work, as now to cause a preference to be given to 
the bevel wheel an4 tumbler plan of reversing the said 
motions. 

Messrs. Cocker hnd Higgins informed me, that 
they contrived and executed the first bobbin-and-fly 
frames about the year 1815, and introduced into it 
the differential motions of the cone, and the unequal 
toothed rack escapement with shifting clicks — an in- 
vention which did the greatest honour to their me- 
chanical ingenuity and judgment, and established 
their reputation as factory machinists all over the 
world. The teeth of their rack required to be cut by 
a particular machine, conformably to the segments of 
a parabolic curve. 

Mr. Houldaworth's rack, with equal teeth, has su- 
perseded all those calculations and adjustments of the 
old rack. It will suit rovings which differ even 100 
per cent, in thickness, that is, from 30 to 60 coils, 
without changing the rack. 

The coarse bobbin-and-fly frame has 30 spindles. 

The fine do. do. 60 do . ; 

but I have $een a double one in Manchester with 
120 $ and Messrs. Andr6 Koechlin and Co., of Mul- 
house, have constructed a great many of the same 
sisc) with a somewhat modified construction, ia which 
the spindles mid bobbins are driven by oblique toothed 
wheels and snail-work, instead of conical bevel wheels. 
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j For fine spinning, the doubk-coaicsj rovings are 
weighed on the bobbins by a quadrant beam, and die* 
tributed according to their respective weights into five 
numbered baskets; such nicety is required for the 
best quality of work. In some coarse spinning-mills, 
only one carding, one drawing, and one roving are 
employed for file tnanyfuctfire of inferior calicoes at 
the cheapest rate. 

In the coarse bobbin-and-fiy frame, it is usual to 
make the spindle go quicker thufl the bobbin, avid in 
the fine to make it go slower, by which the winding 
goes on backwards. Let us state a case in numbers 
fbr the sake of illustration. If 45 inches of roving are 
to be wound upon a bobbin whose barrel is 4^ inches 
in circumference, 10 turns will be required. Suppose 
that these 45 inches should receive 30 turns of twist, 
the spindle, and consequently its attached flyer, must 
give these 30 turns during the winding on of the rov- 
ing. If the bobbin therefore is 1 \ inch in diameter, it 
must make 10 turns for the winding on, and 30 turns pi 
following the spindle ; in nil 40 revolutions. 

If the bobbin be 3 inches in diameter, or 9 in cir- 
cumference, it must make only 5 •turns to wind on the. 
45 inches; these 5 turns added to the 30 turns re- 
quired for twist, make 35 revolutions; and thus for 
any other dimensions of the bobbin. It hence results, 
that the. number of turns of the bobbin, plus the num- 
ber of turns jef the spindle, is a quantity always in- 
versely as thb diameter of the bobbin. 

The motion of the bobbin and spindle is simulta- 
neous and in tins same direction, with a difference vary- 
ing; more* or lane according to the variable diameter of 
thebobbias. But to render the matter still plainer. 
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•oppoae for a moment the spindle to be stationary; 
then the bobbin must turn with such a velocity, that 
it shall wind on the roving just as fast as the front 
rollers deliver it This roving comes forward at a 
uniform rate; but the bobbin growing continually 
larger in diameter should turn with a velocity uni* 
formly retarded. Let us ncpv restore motion to the 
spindle: it is ovidpnt that when the winding » for- 
wards, as in the fine fly-frame, we must deduct from 
the rotation of the *bobbin, needed for winding on the 
roving, that of the spindle required for the twist ; for 
the circumference of the bobbin being 4£ inches, 10 
turns take up 45 inches. These 10 turns deducted 
from the 30 made by the spindle, leave only 20 turns 
for the effective speed of the bobbin ; or, if the cir- 
cumference bo 9 inches, 5 turns will take up the 45 
inches, if the spindle be at rest ; but if the spindle 
makes 30 turns for twist, the effective speed of the 
bobbin will be 30 — 5 = 25 turns. Hence for the 
fine bobbin-and-fly frame we find that the number of 
turns of the spindl#, mimis the number of turns made 
by the bobbin in the same time, is a quantity inversely 
as the diameter of the bobbin. _ 

In the coarse frame, the bobbin should move faster 
than the spindle, and its speed should go on diminish- 
ing ; while in the fine frame, the speed of the bobbin 
ts less than that of the spindle, and it goes on pro- 
gressively increasing. For this reason the cones of 
these two machines are set in opposite directions. 
This arrangement is not, however, indispensable, for 
the cone might be placed similarly in each ; but as 
the fine frame has a good deal of twisting to perform, 
the bobbin would need to turn still more rapidly than 
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in tbe coarse frame, which would consume more 
moving force, for which reason it has been found mote, 
advantageous to make it revolve in the opposite 
direction* 

It has been stated that the twist of the roving in 
the fine fly-Trame takes place in an opposite direc- 
tion to that in th<* coarse one ; this is a practice with 
spinners of which it would be difficult to ascertain the 
origin or to assign the cause. To do and undo is no 
part of the economy of manufactures. 

It may probably be agreeable to some of my 
readers, and may help their comprehension of Mr. H. 
Houldsworth’s invention, to be presented with an ab- 
stract of its description, as given in the specification of 
his patent. 

The main shaft of the machine C (see fig. 52, and 
plate IV.), turned by a band and rigger (strap and 
pulley) as usual, communicates motion by a train of 
wheels through a shaft to the drawing-rollers at the 
reverse end of the machine, and causes them to 
liver the filaments to be twisted? Upon this main 
shaft C, is mounted a cylindrical hollow box or drum- 
pulley, from whetac^one cord ‘passes to drive the 
whirls and spindles, and another to drive the bobbins 
(this is now dpne by wheel-work). 

This cylindrical box-pulley (figs- 52, 53, 54) is 
made in two parts, k and /, and slipped on to the axle 
with a toothed-wheel ©, intervening between them* 
That portion of the box with jts # pulley marked /, fig* 
52, is fixed to the shaft C ; but the other part of the 
box and its pulley k, and the toothed-wheel o, slide 
loosely round upon the shaft C ; and when brought 
*a contact and confined by a fixed collar or keyed* 
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tfeey constitute two distinct pulleys, one being 
intended, to< actuate the spindles, and .the other the 
bobbins. ** ■« :* d 

Ip the web (plane) of the wheel o , a small bevel 
pinion p is mounted upon an axle, standing at right * 
angles to the shaft C; which pinion is intended to take 
into the two bevel pinions q $nd r\ respectively: fixed 
upon bosses, embracing the shaft in the interior of the 
boxes k and l. Now, it being remembered that the 
pinion r and its box! I are fixed to the shaft C, and 
turn with it, if the loose wheel o be independently 
turned upon the shaft with a different velocity, its 
pinion p taking into r will he made 10 revolve upon its 
axle, and to drive the pinion r, and pulley-box k, in 
the same direction as the wheel o ; and this rotatory 
movement of the .box k and wheel o may be faster or 
slower than the shaft C and box /, according to the 
Velocity with which the wheel o is turned. 

Having explained the construction of the box- 
pvlleys k and /, which are the particular features of 
novelty claimed under this patent, their office and ad- 
vantage will be seen by describing the general move- 
ments of the machine. 

The main shaft C being turned by the band and 
rigger os above said, the train of wheels m (1,2,3, 
plate IV.) connected to it actuates the whole series of 
drawing- rollers. Upon the shaft N, there is a biding 
pulley o, carrying a band which passes to a tension 
pulley n, and is kept distended by a weight. " This 
band in its descent conies in contact with the surface 
of the cone P, and causes the cone to revolve by the 
friction of tbe j^ind running against it. The pulley o 
is pibjgreswvelj%tdden along the shaft N/by means* 
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of the rock and weight, which movement of the pulley 
is for the purpose of shifting the band progressively 
from the smaller to the larger diameter of the cone, 
in order that the speed of its rotation may gradually 
diminish as the bobbins fill by the winding on of the 
yarns (rovings). 

Connected Vith thj axle of the cone P, a small 
pinion, 23, is fixed, which takes jnto the teeth of the 
loose wheel o, and as the cone turns, drives the wheel 
o round upon the shaft. C, with a speed dependent 
always upon the rapidity of the rotation of the cone. 
Now the box-pulley k , (fig. 52) being fixed to the 
main shaft C, turns with one uniform speed, and, by 
wheel-work connecting it with the whirls, it drives all 
the spindles and flyers, which tw ist the yarn with one 
continued uniform velocity ; but the box-pul Wy l, lieing 
loose upon the shaft, and actuated by the bevel pinions 
within, as described, is made to revolve by flic rotation 
of the wheel o, independently of the shaft, and with a 
different speed from the pulley-box, k ; and wheels 
connecting this pulley-box / with*! he bobbins commu- 
nicate the motion, whatever it may he, of the pulley- 
box l to the bobbins, and cause *th*em to turn, and to 
take up or wind the yarn with a speed derived from 
this source, independent of, and differing from, the 
speed of the Spindles and flyers which twist the yam. 

It will be now perceived that these parts being all 
adjusted to accommodate the taking up movements to 
the twisting or spinning of any particular quality of 
yarn intended to be produced, any variations between 
the velocities of the spinning and taking up, which 
another quality of yarn may requi retina y easily be 
by merely changing the pinion 23* fig. 58, for 

VOL. II. t 
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onewith a different number of teeth, which wiH cause 
the wheel o and I he pulley-box / to drive the bobbins 
faster or slower, as would bo required in winding Oft 
fine or coarse yarn, the speed of the twisting or spin- 
ning being the same. 

This desirable object is effected in its most simply 
way by the mechanism above described, and which is 
extremely simple when considered abstractedly from 
the ordinary movements of the spinning machine. 

There are, however, other modes of effecting the 
object upon the same principles. 

I*opular Explanation of the Mechanism of the Bobbin^ 
cmd-Fly, (plate IV.) by H> Houldsu'orth , jun ., Esq.* 
Upon a shaft N% which lies behind the roller-beam, 
and is connected by wheel-work with the front roller, 
there is a sliding fork. This fork has between its 
prongs a pulley O, which slides with it along the shaft, 
but the shaft has a groove cut in it lengthwise, and a 
key or feathered edge in the pulley takes into this 
groove, so that the shaft cannot turn round without 
taking the pulley with it. The weight f f tends to 
draw the pulley towards it ; the rod d f is connected 
with a rack-scapcment, which allows the pulley to 
slide one tooth for each layer wound upon the bobbin. 
The pulley O drives the cone, and the tightening 
pulley n lies with its weight upon the strap so as to 
take up its slack when the strap is working upon the 
small end of the cone. X is an arm joined to the 
elide at the one end for carrying at the other the stud 
on which the pulley n revolves. 

The guide-rod slot -plate v v is fixed to the back of 
the roller-beam, leaving a space of about oite ineh ; 

* A written communication. 
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v is a plate, which slides along the guide-plate. The 
tail it, of this slide-plate has a slit or slot in it to re* 
eeive the stud a\ wliich takes into a hole in the lever 
ii, which works upon the centre b\ and has a rod d\ at 
itstopend connected with the sliding fork, X O, already 
described. The vertical bar g has two pins upon its 
upper end to lift tlu^ catches or detents; the lower 
pari of it is a round rod with twa set collars upon it, 
w here it passes through an arm or branch m* n\ of the 
coppiug-raiL 

The action is as follows: — at starting, the sliding- 
fork X, and pulley, with the rack and lever, are all 
moved by sliding* to the right-hand end of the frame. 
The weight at the left-hand extremity of the frame, 
tends to pull the whole of the saicj^ sliding apparatus 
towards itself by the traction it impresses on the rod, 
r/' ; hut it is obst ructed by one or other of t he catches 
or detents x, y. When the copping-rail reaches the 
top of its course, the arm w/ n' comes against the top 
set-collar of the upright bar g', raises it, by which ihe 
top catch x, is lifted, and the rack, lever, sliding-fork, 
pulley, and strap, all shift towards the weight, till the 
under catch stops* the motion by falling into the next 
tooth of the ugider rack. When the copping-rail 
reaches the l^ottom of its course, its branch comes 
into contact w ith the lower set-coliar, and makes the 
bar g' descend so as to pull down the lower catch y, 
whereby the rack apparatus is allowed to shift another 
step to the left, till arrested by, the upper catch x falling 
into another tooth of the upper rack, and thus, step by 
step, the above train of apparatus hitches on to- 
wards the left end of the machine. The long bar- 
. lever 2, has the following use : the cone-strap always 

f 2 
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traverses the same distance in filling a bobbin, be- 
C£use the diameters of the empty and full bobbins 
have a constant difference ; as, for instance, 1 or I J 
inches when empty, and 3 when full, whatever be the 
fineness of the roving wound upon them. The finer 
the roving, however, the more coils or layers of it will 
be required to fill the bobbin, consequently more tra- 
verses of the copping-rail, and more cscapenient 
motions in the rack ; lienee a change of rack would 
apparently be needed for every change of fineness in 
the roving, but this change is superseded by the in- 
tervention of the lever-bar Z. The lever, being at- 
tached at c' to tlie rod d\ is thus enabled to act upon 
it, and thereby to move the sliding-fork upon N. The 
quantity of this mat ion is regulated according to the 
place of the stud a' in the slot branch v\ The higher 
the stud a ' is placed in the said slot, the more teeth of 
the rack will be required to give to the top end of the 
lever Z the same quantity of strap-traverse motion 
upon the cone. Suppose, for the sake of illustration, 
every tooth of the rack to be half an inch ; then if the 
stud is in the middle of the lever-bar Z, the upper end 
will move one inch for each tooth. * The rack has, of 
course, more teeth^than it is ever likely to require for 
any extent of adjustment, so that oy raising the stud, 
the number of escapements required to cause the 
conestrap to traverse, may Jbe reduced in any desired 
degree** 

♦ The lor Z is a lever of the third kind, in which the fulcrum if 
*t the untie r end V, the weight to he overcome is at the other end <?', 
and the power or impulse of the arm is between them. Tha motion 
of that arm if as the sizejof the teeth of the rack, being one tooth at 
$L*tune» and it will give more motion to the end c', the nearer the 
power a' is to the fulcrum or centre of motion b' : when applied in 
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Description of the Tube roving-Frame. 

TJie next machine, in point of importance and me- 
chanical ingenuity, in a cotton-mill, is Dun forth'# 
tube-roving frame, which commonly goes by the name 
of Dyers, Because this gentleman became proprietor 
of the patent* for* this invention spoil. after, it was iipj 
ported from the Unit eel States, and lias had the meejf, 
of bringing it into complete practicaljc>perat ( i^ in 
the factories of England, and of bthcr countries. 

The condensation of the ro\ing delivered by the 
front rollers is, in this apparatus, elegantly performed 
by revolving tubt% through which it is made to pass 
in its way to the bobbins or spools. It is wound upon 
bobbins w hich consist of mere wooden tubes, without 
ends, put upon iron axes, which revolve by the fric- 
tion of horizontal iron drums or rollers on which the 
bobbins bear by their own weight, whilst the feeding 
tube has a traverse movement to distribute I lie roving 
along die surface of the bobbin. This tra\erse move- 
ment is progressively shortened.® as the diameter of 
the bobbin is enlarged, in order to generate conical 
ends, as in the newest bobbin-and-fly frame. The tube- 
frame contains a drawing-roller beam of the same con- 
struction and usC^us that described in the two pre- 
ceding machines. 

Fig. 60 shows the one end, and fig. 61 the other. 
In the latter figure, the three pairs of rollers A have 
been represented in section, ipid # in <j le other the front 
one B is shown in an outside view', in order to exhibit 
their arrangement upon the same roller-beam C, and 

the middle of the lever, Jhe range of motion at the end t will, of 
course, be doubled ; if a advance one half-inch, cf will describe an 
arc of one inch. 



m 




the same head. With this intent, also, the usual fast 
and loose pulleys attached to the main- shaft of the 
frame a are merely indicated by dotted lines b ) the 
larger pulley c, by which the motion is communicated 
to the revolving tubes, is shown also by dotted lines. 

Pig. 62 is a portion of the front view of the machine 
to explain the working geer, aiyt the* manner in which 
the bobbins are filled. 

Fig. 63 is a representation of the essential spinning 
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parte of the machine in a section upon a larger scale ; 
and fig. 64 shows the details of some parts subservient 
to the traverse motion of the tubes. 

A and B are, as above stated, two sets of drawing- 
rollers, iuto the first of which the* slivers are iutro* 
duced from the cans stationed behind the machine. 
The roving, aftew leaving the trout rollers of tile first 
set, enters between tlie back pair of rollers of the 
second, both sets revolving with the same speed. It 
is then delivered by tin* front fuller in slender slab- 
bing*, which pass across the frame towards the bob- 
bins, ranged in a line in front, and resting upon a 
number of groofed cylinders D, I), transfixed by a 
shaft which extends the whole length of the frame. 
The fluting* are exit upon the cylinders in order to 
create friction against the cotton' -earned barrels of the 
bobbins. E is one of the bobbins filled with roving, 
lying in its place, with its axis resting between two 
slots tl, (L fixed to an iron beam F, made fast like 
the roller-beam C, between the frame- work, G, of jdie 
machine. iSVe fig. 62. 

c, c, fig. 61, are several arms screwed fast to the 
roller-beam C, wpon tie* slanting surface of which 
the bearings / # mav be shifted up and down by pinions 
g, working nf the racks h % h. In these several 
bearings, the part f is for the purpose of sliding a 
slender iron frame i, which is best seen in section 
(fig. 63). Upon its surface the bearing* /, /, are fixed, 
in which the carriers k, k, of the revolving tubes may 
vibrate, or sw ing upon an axis, as is shown at one point 
in fig. 62. 

wt, m* fig. 63, are # the tubes revolving with their ends 
in bushes or holes of their carriers k. 
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n is ft guide plate for conducting the roving alter it 
Mfrgs the tube, in passing through which it gets a 
transient twist. 

I o is a catch, made fast to the carrier k, to suspend 
it at a rod of iron, which extends the whole length of 
the machine, when the bobbins are to be changed, 
whilst at other times it presses jyith the plate n , upon 
the roving of the bobbin E, as shown by dotted lines 
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Whilst the bobbin is filling, the beam t, with all the 
4 &rriers,A,£, figs. 62, 63, is gradually shilled upwards 
by the pinions, g y working the racks h f A, of the bearings, 
f \ f ; thus producing, in the same direction, a constant 
pressure of the didivering ends of the tubes m, m, 
against the bobbins E, which being turned by the 
carrier- roller^ D, wind-on the roving as it comes 
through the hole of ttie plate n. At the same time 
the beam i is sliding or vibrating to and fro, in a line 
parallel with the ends of the bobbins, so as to distri- 
bute the roving properly over their barrels. The 
extent of this traverse motion is shortened a little at 
each circuit, in Order to form the ends into a conical 
shape, as with the most improved fly-frame. 

When the bobbins are sufficiently filled, the machine 
is so adjusted as to stop itself, by throwing its driving 
strap iq>on the loose pulley. The tube-carriers fc, k , 
being suspended at the slender rod p , the filled bob- 
bins are lifted from the slots//, and laid in the notches 
q , for the sake of dispatch, whilst empty bobbins, 
previously put on their axes, are laid in their places. 
Tin* same series of operations are once more renewed. 

The motions of the tube- roving’ frame are produced 
as follows : — 

The dotteef Imes A, A, (fig. 61) represent, aft was 
fcaid, the steam pulleys in front of tiiat view. The 
dotted lines c, c, show another larger pulley upon the 
same shall a, from which a strap is led over the pul- 
leys r, s, and /, fig. 61, as shown by dotted Jpes. 
The strap then passes through the whole length of 
the machine and over the pulleys u and v at its other 
end (see figs. 60 and 62). The strap, in going from 
tWe pulley s to ti, passes round the tubes m, m, in such 
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a manner as to go iu one of the carriers*, fig. 6 Uover, 
and in tile next under the tubes, which are thus made 
to revolve by the friction of the strap, without ob- 
structing their traverse motiou along with the beam t 

Upon the shaft a is a wheel 1, which drives the 
front relief of the roller- beam set B by awheel 2 ; from 
that roller, motipn is given to the wheel 3 upon the 
back roller by a sm!Ul wheel upon the front roller, 
and two carrier wheels 1. From tliis back roller, the 
front roller of the other set A is moved with equal 
speed by a driving and a carrier wheel (not repre- 
sented), and which give motion also to the back roller 
of the set A, in#tlie same manner as explained for the 
set B. The middle rollers of both sets get their motion 
at the other end of the frame, fig. 00, by wheels 5 and 
G attached to them and to their respective front rollers, 
with the aid of two carrier wheels 7 and 8. 

Upon the front roller shaft of the set B is a third 
wheel, a bevel one, behind the wheel ‘2, fig, 61, which 
drives the large bevel-wheel 9, and the inclined shaft 
w 9 which transmits the motion Uy two bevel wheels, 10 
and 11, to the bobbin roller shaft D. 

Upon the other end of this sjiaft there is a pulley x, 
whence motion is given by a strap to the pulley y 

upon the shift t. This shaft is represented Itplaii 
(tig. 64 ), afld works, as there shown, by a bevenvheei 

a', into either of the two bevel wheels V and c\ giving 
a motion in a different direction to the shaft d\ accord- 
ing as it happens to be shifted into geer with ^or d. 
This shifting is effected by ‘moving the bar l 9 (in which 
is tlie and bearing of the shaft z) a little the one way 
or the other, and keeping it in that position by either 
of the catches m f or ?i' falling into notches of the said 
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bar V . Tlie bar is moved by one of the two weights 
d and ft, fig. 61, working with a chain over the pulley*, 
^ and d, upon a pin or stud /lixed to the frame, 
whilst the other weight is suspended. See also fig. 64. 

The two chains of the said weights pass through 
holes in the end of a balance-beam v\ over each of 
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which hole* there is a little ball upon the chain* 
against one of which the balance*beam is alternately 
pressed, in order t8 suspend tlwf particular weight, 
whilst one of the catches, m' and it', is lifted from the 
notch in the bar letting the bar be drawn by the other 
weight in the opposite direction, so as to bring the 
bevel wheel a' into gj*er with the other of the two 
bevel wheels b 9 and c'. 

Upon the shaft <V there is a worm e', which works 
in a horizontal wheel f\ and tfrives by means of a 
little pinion g\ and a ruck h\ figs. 61, 62, and 64. 
This rack is connected by a rod i* with tin* apparatus 
H, for shortening the traverse motion of the beam #. 
The rack h f is moreover connected with the bell- 
crank lever t\ which has at the sides of its upright 
branch two screws for lifting alternately the catches 
m' and rt' f whenever the lever V arrives at one end of 
its traverse motion. 

In fig. 62 may be seen the shape of the catches 
which enable them to produce this effect. The other 
end of the bell-crank lever t\ rafces or depresses one 
end of tin* balance-beam r\ at the end of each traverse 
motion, thus stopping the actioiroi one of the weights 
o' and //, whjjst the other is drawing the bar 4', so 
that the catqji, m’ or which was not prevftaBly 
lifted by the screw ir', falls now into its notch, keeping 
the wheel a! in geer, till the crank-lever t', at the 
other end of its traverse motion, lifts this catch and 
suspends the other weight. . We can thus per&ive 
how the rod i' is regularly moved to the right hand and 
to the left, and we have only now to show how this mo- 
tion is constantly shortened and communicaUd to the 
beam u Fig. 65, a" is a curved arm swinging round a 
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centre, b", its other end being attached to the rod iVfig- 
On the arm a", a serrated plate, or rack c", slides 
dbwnwards during the working t>f the machine. In 
the teeth of that rack, on each side, a click works, kept 
in the teeth by a spiral spring, which connects both • 
dicks, d", d” . When the arm a", drawn by the rod i\ 
has reached the end of its traverse emotion, it presses 
one of the clicks, d", d", agamst the point of one of 
the set screws e n , which pushes the click out of 
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the tooth of the sliding -piece, c", thu* permitting it to 
ftdl through the depth of half & tooth, the other click 
it* immediately caching it. Whilst, therefore, the 
point V 9 approaches continually to the swinging joint 
A", the traverse motion given from that point l ", by a 
rod g"> to fhe beam i, must become shorter ; the arm 
a" swinging through equal spaces. The teeth are 
cut at alternate intervals on either hide of the sliding 
rack c ", so that the motion at each time is limited to half 
a tooth, h" is a staple-guide Screwed to one of the 
middle frames, G\ of the machine, to conduct a rod 
connected with the rod g f , and which is joined (fig. 
62,) to a slot arm W 9 f fixed to the beam t, on which 
the tube carriers stand, as previously described. At each 
traverse of the rack-guide <i". a pin /", figs. 62 and 76, 
projecting from the curved piece near the bottom of the 
said rack- guide, strikes against a lever m ", seen with 
its end in fig. 60, and by moving the lever n'\ moves the 
ratchet wheel T, fixed upon the same shaft with the 
pinion g, through one tooth by means of the clicl^o", 
whilst another click p ,f prevent* the ratchet wheel 
frtlni running back in consequence of the weight of the 
beam which gradually rises. a£ the bobbins grow 
larger. When the rack c " has descended to its lowest 
point, a projection q" comes to press upon the end of 
a lever m ,r , which at its other end disengages a catch 
seen in dotted lines s' 9 (Tigs. GO and 65), and which 
makes the upright lever /"move the horizontal rod ?/" 
(which extends the w hole length of the machine) hear- 
ing upon its other end the fork for throwing the stt%p 
from the fixed to the loose pulley. The lever V 9 is 
acted upon by a slight weight which tends# move it 
round upon its fulcrum r", and to push the rod u 99 
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hotfaontally. This rod serves also to enable the 
attendant to throw the machine in or out of geer, at 
whatever end he may happen to be, by seising it in his 
hand, and sliding it along. 

The tube-roving frame is a most expeditious ma- 
chine, and is employed with great advantage m many 
coarse spinning-mills foe numbers under 30\s. ; but it 
is still a subject of considerable debate between re- 
spectable spinners whether it cap be profitably em- 
ployed for preparing the rovings of finer yarns. 

lftffront rollers move from three to four times faster 
than those of the bobbin -and -fly frame j hence 10 tubes 
of the former frame will turn off quite as much slab as 
CO spindles of the latter, and are reckoned equivalent 
to them in their first cost, bulk, and power of workilfg. 

At one cotton mill in Manchester where the .tube- 
frame is a favourite with the manager, eacM>obhin or 
spool takes on two hanks, weighing from |ix to seven 
ounces, in obedience to the pressure man. The 
rowing has five hanks to the pound, which iiwretty fira*. 
A f this establishment the front rollers turn 450 times 
in the minute; in another which I vjsited, 470 times. 

A skilful cotton spinner assured me that in his 
hands he founddhe tube-machine liable to many acci- 
dents, for if ^ particle of dirt or seed remains in the 
cotton aft^r the carding and drawing, it will prevent 
the delivery of the roving upon the bobbin in the 
untw isted state peculiar to this machine, and will leave 
points of torsion which create incorrigible defects iu 
the yam spun from it ; hence, said he, it cannot bo 
tisec! for fustian yarns, which must be very level, 
is very suitable, however, he added, for a fflrtory of 
low-priced calicoes. The capricious nature of cotton- 
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spinning is shown By nothing more strikingly than by 
the fact of this gentleman having tried in vain to work 
rovings for 20's, with the tube-frame, though his brother 
and partner, with similar cotton, similarly treated, suc- 
ceeded perfectly well in producing good yarns of that 
count by means of this roving frame. 

Another manufacturer, who has & high character for 
skill in spinning, assured me that yarns spun with the 
aid of the tube frapie were too unequal for weaving 
into cloth for good calico-printing. There can be no 
doubt, however, from what I saw in many welf&con- 
clucted mills, that under proper management the tube 
roving frame is a very excellent and profitable machine. 

The first patent for this apparatus was obtained in 
this country by Joseph Cheeseborough Dyer, Esq., of 
Manchester, in July, 1825, as an invention commu- 
nicated to him by a foreigner residing abroad. The 
following extract from his specification will serve to 
complete our account of this interesting machine: — 

Hy the rapid rotation of the spindles (tubes), the 
rovings are twisted from t he spindles backw ards as far 
as the delivering drawing-rollers, which twisting is for 
the purpose of giving strength to the rovings, that is, 
tenacity to the fibres of the cotton, but as soon as the 
roviugs have passed the eccentric part of the tube, the 
twist will be immediately discharged, and the rovings 
wound upon the spools or bobbins in an untwisted 
state. 

t The rotation of Ihe, drawing rollers which deliver 
the rovings being uniform, it is necessary to regulate 
the speed of the taking up or winding of the rovings 
on to tnebobbins or spools, according to their increased 
diameters. This regulation of the speed, the machine 
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effects without assistance, the bftbbins being turned 
by the friction of contact between their surfaces and 
those of the carrier cylinders, by which it will be per* 
ceived that however much the diameter of the bobbin 
may increasf by the repeated thicknesses of roving 
wound upon it^, only a given extent of its surface will 
be carried round ^it ey*ry revolution of the carrier- 
cylinder, and hence the quantity of roving taken up in 
any given space of time, w ill be^ uniform throughout 
the winding. 

Mr. Dyer has made many important improvements 
upon his machine since the aliove date, for which ho 
has likewise ohtafned patents. 'File engravings here 
given are taken from drawings most carefully exe- 
cuted under my inspection from a machine newly con- 
structed, and in the very act of being set to work, in a 
mill at Manchester. 

The rovings of the tube-frame an* entirely destitute 
of twist, the twist communicated by the rotation of 
the tulies being only momentary, for the purpose *>f 
giving cohesion to the filaments* in their way to be 
wound upon the bobbins. A3 the sliver is pinched at 
the one end between the delivering rollers, and at the 
other by the ^ozzle of the tube pressing upon the 
bobbins, it is obvious that the middle portion of it can 
receive no permanent twist ; what it receives in transitu 
is undone in the act of winding-on* 
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CHAP. IV. 

Finishing Processes of a Cot ton- Mill. 

SECTION I.— Strefching Mule. 

• 

After passing the cotton through one or two bobbin- 
ami -fly frames, or the tube frame, according to the 
quality of yarn intended to be produced, the rovings 
arc pieced up to the mule or throstle, and spun into 
yarn. In the liner branches of the trade, however, 
there is an intermediate process called stretching, in 
which the rovings are made liner or more attenuated 
than can be done advantageously on the bobbin-and- 
fly frames. 'File machine employed for this purpose 
is called a stretching frame, and differs essentially 
from the hobbin-and-fly frame in the mode of twisting 
and winding on. In the latter, the roving is made 
and wound up simultaneously, but in the stretching- 
frame a length of roving is first spun, generally fifty- 
four inches long, and then the moxions of the rollers 
and spindles are suspended while the winding-up is 
effected. The stretching-frame is, in fact, a mule- jenny, 
without the second draught and second speed. The 
action of the machine may be briefly described as fol- 
lows— reserving the complete description of the mule 
for Section III. The bobbins Ailed at the previous 
operation being placed upon skewers in the creel, the 
loose ends of the rovings are introduced between the 
top an#bottom back roller, and are passed forward 
through the other two rollers, so as to be delivered in 
front in an elongated and consequently attenuated 
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state, proportional to the* draught — that is, to the 
relative speed of the back and front rollers. The ends 
of the rovings, being thus elongated, are severally 
attached to a spindle fixed in the carriage. When 
the machine starts, the roving is given out by the 
front rollers, and the carriage is made to recede from 
them at a speed ecfual tp the rate at which the roving 
is given out, by which means the roving, as it issues 
from the front rollers, is kept extended between the 
spindles and rollers. While the carriage is coming 
out, the rovings are twisted by the revolution of the 
spindles, and when it has advanced about fifty-four 
inches, it stops, as vtell as the rollers. The twist is pro- 
duced without the aid of the flyer (of the fly-frame) by 
the rovings being coiled diagonally up to the point of 
the spindle, where, from the inclined position of the latter 
towards the rollers, the one end of the roving remains 
during the revolution of the spindle, and twists with its 
twirling. When the carriage stops, the spindle stops 
also, it is then the business of the attendant to wind 
up the fifty-four inches of roving tlftis made, which sho 
does by depressing the fuller wire with her left hand, 
so as to bring the ‘rovings at right angles to their re- 
spective spindles. She then turns the spindles round 
by means of thc^iandle, with her right hand, while she 
pushes the carnage in towards the roller beam at tiie 
enact velocity with which the thread is to be wound up 
— a task of great delicacy, owing to the very soft state of 
the fine slab. As t he carriage getsYiear the roller-beam, 
she slowly raises the faller wire during the last turn of 
the spindle, and then the roving, from tlic relative po- 
sition of the spindle and roller, again coils Mbit' dia- 
gonally up to tlie point of the spindle, ready to recoin* 
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menee the twistinjgjlkrf another length of elongated 
roving. This immediately takes place by the simul- 
taneous movement of the rollers, the spindle, and the 
Carriage, as above described. The roving is wound 
on to the spindle in an ovoid cop, somewhat truncated • 
at the base, and tapering at the top. When the cop 
has become of sufficient size,,jt is Slid off the spindle, 
and is then ready to be skewered and placed in the 
creel of the spinning machine. 

Certain manufacturers in Lancashire employ the 
stretching- mule with extraordinary advantage. They 
use for roving only the coarse bobbin -and-fly frame ; 
after which, they subject these rovings to the stretching- 
mule, whereby they complete their preparation for No. 
40*8. With this yarn they make an excellent power- 
loom cloth, of an equally good appearance with that of 
their neighbours, though they put into the piece of '24 
or 28 yards long four ounces loss weight of cottonwool. 

Hie produce of the stretching-mule or frame is a 
very soft roving, which must he very tenderly han- 
dled, for fear of injuring the yam to be spun from it. 
By means of this frame, rovings nmy be equalized, 
and thereby certain errors of the previous machines 
corrected. The sets of roving turned off at regular 
periods by the stretcher being weighed will, in a great 
measure, show any variation in the grist of the cotton, 
and enable it to be modified by changing the pinions 
of the drawing-rollers. Rovings are also equalized by 
means of the doubling which they frequently receive 
at the stretching-mule ; and as they are here built into 
a narrow conical cop, they take less room in the creel 
of a fin^sp inning mule than the bobbins of the fly-frame. 

Wo have already stated that the rovings, whether 
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produced upon bobbins by the bobjgn-and -fly-frame, or 
by Dyer s frame, or in the form of a roving-cop by the 
stretcher-frame, are spun into yarn on throstles or 
mules — two machines, which differ in the mode of 
winding on, exactly as the hobbiu-und-ffy differs from 
the stitching frame. The mule makes a definite 
length .of yarn 'after which it winds it up, while the 
operation of spinning is suspended, whereas the 
throstle makes the yarn and winds it up simulta- 
neously. The mule is used generally for all numbers 
above 30 's, throstles being now seldom used to spin so 
high as l()'s. The qualify of the yarn produced by 
the two machines* is quite different. The throstle 
yarn, known under the name of water twist, from 
having been iiiM produced bv the machine called a 
water frame, is smooth and wiry, while the mule jarn 
is of a soft and downy nature. The former is usually 
employed for warps in heavy goods, such as fustians, 
cords, or for making sowing-thread, and the latter for 
the weft in coarse goods — as also for both warp ai|fl 
weft iu finer fabrics. We shall* first describe the 
throstle, which, upon the principle of Arkwright V 
water frame, was •coincident with* the use of twin 
rollers. The old water frame differed from the 
throstle, in having subdivisions in each machine, 
whereby one of two lengths of rollers and their cor- 
rgqamding spindles might be stopped or set in motion 
independently of the oilier rollers and spindles in the 
same machine. In the infancy of the trade, when tin* 
number of threads w hich broke in the process of spin- 
ning wo* considerable, such a convenience was desir- 
able; but now, since practice has perfected the manu- 
facture, it is no longer necessary, end we see throstles 
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with two hundred ipindlcs and upwards, spinning fqr 
dap without needing to be stopped, except fortfye 
purpose of removing the full bobbins, and putting 
empty ones in their places. 


SECTION II. w 

Wftter-twi»t and Throsilo-ipinning. 

The water-twist frame has been already described 
at sufficient length in the preceding volume, at page 
260. It has been superseded in modern mills by the 
apparatus called a throstle. 

The Thhostle is a machine so' simple in its con- 
struction, and seemingly so perfectly adapted to its 
purpose, that for many years after its introduction few 
persons thought of altering or improving it in any 
respect .till about the year 18*29, an invention ap- 
poured in the United States of a very singular kind. 
Mr. Danfortli was its author, and it bears his name 
mi the factories, though the patent was obtained in 
this country by John Hutchison, Ksq., of Liverpool, 
‘‘for certain improvements in machinery for spinning 
cotton, woollen, kc;* as having been communicated to 
him by a foreigner residing abroad.’* Tile flyer, which 
had been hitherto deemed an essential of the water- 
twist system, was in Danfortli s contrivance entirely 
laid aside. This machine, which will be afterward* 
described, possesses undoubtedly certain advantages 
over the ordinary throstle, and in particular is calcu- 
lated to produce a quality of yarn less wiry than 
common water-twist, and well adapted, as experience 
has shown, for economizing cotton in the weaving of 
certain styles of goods. The invention has been not 
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more remarkable for its owgi s Aces*, than for the 
excitement it has occasioned among schemers, and the 
mlmber of new throstle devices to which it has given 
rise. Yet no new principle of spinning has been 
struck out ; go that the original throstle is not super- 
se^wi^i any considerable extent. The only ad van- 
ic new' modifications is to permit the spindles 
to be whirled at a greuter velocity, <md thereby to turn 
off more work from a machine of jho same size; but 
this advantage has been in some measure counter- 
balanced by the increased wear of the machinery and 
waste of the cotton. 

Before proceeding to the description of the Throstle , 
I may remind the reader, that in the preparatory 
machine — the bobbin-and-fly frame, the quantity of 
twist given to the ro\ing should not be more than is 
merely sufficient to enable the rovings to unwind, 
without impairing their uniformity, from the bobbins 
upon which they were coiled ; for if they 1 m? more 
twisted, the rovings would resist the drawing dr 
elongating action of the fluted rollers in the subse- 
quent processes. When eventually the substance of 
the roving is being extended to it’s utmost length, in 
the finishing spinning machines, it becomes necessary 
to increase the. torsion to such a degree as to impli- 
cate the filaments so firmly together that they will 
resist any effort to separate them from each other. 
Different staples of cotton wool, and different, quali- 
ties and finenesses of cotton, yarn require different 
quantities of twist, but all well-made yarn should 
receive a degree of torsion sufficient to bind the fibres 
so intimately, that the thread will rather break across 
than draw out into downy ends. 

VOL. II. 
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In the* water twilt spinning-frame used by Ark- 
Wright, each head had only four or six spindles, and it 
oould be stopped or moved by itself ; but in the 
throstle, the drawing-rollers, instead of being mounted 
in fours or sixes upon independent heads,. are all cou- 
pled together in one range upon each side^oC the 
frame ; and the spindles of b$th sides are driven in 
common by means of bands from the long horizontal 
tin cylinder, which extends the whole length of the 
machine. 'Hie throstle consists of fewer parts is 
simpler in its movements, Ints less friction — takes 
therefore, less power to drive it, and is not so costly at 
first as the former water- frame, it must he allowed, 
however, that Arkwright brought the construction and 
performance of his machines to a state of great practical 
excellence, for they turned out No. K()'s, excellent yarns 
for warp, hosiery, and sewing-thread : and that he left 
little to ho done in this department of spinning ill 
comparison of what lie himself accomplished. Manu- 
facturers of cotton twist hesitated many years between 
the water-frame and the throstle, and though they 
prefer the latter in new erections, they still obtain good 
results from the former in well-conducted establish- 
ments like those of (Vomford and Belper. 

The object of the throstle is to extend the rovings 
into slender threads, at the same time that it twists 
them by the rotation of spindles or flyers, and winds 
upon bobbins somewhat resembling what has already 
been described under die bobbin -and-fly frame, but 
with far simpler mechanism, on account of the cohe- 
sive strength of the hard- twisted throstle thread* It 
consists of two roller- beams, each provided with the 
usual threefold set of drawing-rollers* which, are 
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mounted upon each side of the (tame. These rollers 
are supplied with rovings from bobbins placed upright 
upon skewers, fixed in shelves in the middle of the 
frame, which are called creels by the workmen. There 
are seldom,fewer than 72 spindles in a line uj>on each 
side of the tlyostle, which aro set from 24 to 3 inches 
apart. There are. as we have already said, several 
modifications of the throstle, but they all consist in 
the form and operation of the spindle, or twisting and 
winding on mechanism. The oldest and most ordinary 
spindle is a vertical steel rod, upon whose tapering top 
the flv or liver is fixed by a left-handed screw* This 
fly is a fork of iron or steel, having its tapering points 
hooked up into little eyes, to serve as guides for eon- 
ducting the yarn to the bobbin revolving round the 
spindle-axis in the middle between them. Imme- 
diately above the top of the spindle is an eyelet of 
wire, which serves, like the funnel of the flyer in the 
fly-frame, as a guide to the thread, which is led once 
or twice round the arm of the fly, and then pasVd 
through one of its hooked extremities. The winding 
of the yarn upon the bobbin is in consequences of the 
friction by the bottom disc-plate of the latter upon 
the copping-nyl, which retards its rotation, and makes 
it be dragged round by the yarn delivered out by the 
revolving fly ; meanwhile the bobbins are moved 
slowly up and down with the regular ascent and 
descent of the copping-rail, whereby they receive the 
yarn evenly distributed along the surface of their 
barrels. 

Kg. 66 is an end view of a common throstle of the 
.best construction, where the manner of communicating 
tlie various movements of the mechanism is shown. 

g 2 
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% 67 a view Of a portion of the front of a 
thro«tle-frtime. 

Fig. 68 is a section of all the spinning parts for a 
{angle thread, drawn upon a scale double the size of 
the others. 
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A and A are the two sets of drawing rollers. These 
rollers rest upon upright bearings a, a , called heads, 
made fast to the roller-beam B, each head compre- 
hending the fluted portions for six or eight several 
threads. The two back pairs of fluted rollers are sus* 
ceptible of being shifted with their bearings a, a a 
little further from <jr neavor to the front pair, as 
already explained at sufficient length in describing the 
drawing-frame. This mechanism of adjustment is 
shown in fig. GS, winch is the common one adopted in 
throstle- frames. Each of the top rollers, covered as 
usual with leather, oorresj jonds in length to two fluted 
portions of the \fnder rollers, and lies with its axis in 
slots of the top bearings b ; the middle neck being 
covertxl with brasses, which sometimes carry two sus- 
pended weights, as in the drawing-frame. In the 
present figure, the pressure is seen to be produced 
upon the three corresponding to]) rollers by one 
weight 0, working lever- wise round its fulcrum </, so 
as to pull down the wire c . This wire presses upan a 
brass /*, which rests with the ont of its ends upon the 
axis of the front roller, and with the other end upon 
the middle of the brass which covers the two axes of 
the two back rollers. Behind the back roller the 
guidf bar g is seen sliding horizontally in slots, cast 
upon the heads a , which carry the rollers ; upon this 
bar are wire hooks, through which the roving passes 
f> tlte rollers, llus bar gets a very slow traverse (or 
to and fro motion to the right And left alternately), by 
^jhc instrumentality of a slender rod A, from an eccen- 
tric pin i, stuck in the axis of the little wheel k, and 
moved by a worm (endless screw) f, attached to the 
end of the back-roller shaft, as shown in a plan of tfftT 
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end #f the rollers, fig. 69. The purpose of this 
mechanism is to cause each thread to traverse a little 
way along the fluted surface, so as to change xhe 
points through which it is draw r n, and thereby prevent 
the leather of each top roller from being channelled or 
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furrowed in one place, which it would be if the thread 
passed over it invariably in one direction. 

C is the creel stocked with bobbins of roving set 
nearly upright upon skewer wires, in a double row ; 
one for each side of tin* machine, and in alternate 
order, a> shown in tig. 07. 

D, D repi&cnt the spindles revoking upon their 
undei ends in the braks steps tn. w, made fast to the 
iron beam I£; while the middle part revolves in the 
bushes n, it, made hist to the h«^uu l\ as elearly indi- 
cated in tig. OS. These two beams extend over the 
whole length of the throstle, and, as well as the roller- 
beam, are made fast to the strong frame-work (». in 
long throstle machines there are sometimes one or 
more transverse frames at intermediate distances to 
sustain these beams, and hind the whole more solidly 
.together. o, o are the rt\s screwed upon the tops of 
the spindles; //. // are the wharves, whorls, or whirls 
fixed to the spindles, w liielf serve as pulleys to turn 
them round by the motion of endless cords, bands' or 
straps proceeding from the long tin-plate drum or 
cylinder L. which extends through the length of the 
machine, and ucj nates the spindle movements tipon 
both sides of tile throstle, as shown in the middle of 

q, fig. 68,*is a wooden bar, to which wire hooks arc 
fixed, to serve as guides to the threads in their way front 
t^ie front pair of drawing rollers to the spindle-fiys; r 
\s an upright board at the bach of the spindle#, which 
Ifereens them from dust and wind; I, I are the bob- 
bins, consisting of a wooden tube or barrel, with two 
disc ends, the under end resting upon the oopping-rail 
IL This rail has a series of holes in it for the #fm» 
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dies to pass through. By its ascent and descent, it 
carries up and down the bobbins, causing them to tra- 
verse, along the central spindles, and to get equably 
covered with yarn till they are filled. 

The preceding actions and movements are produced 
as follows : upon the shaft of the tin-plate drum M 
are the usual fast and loose pulleys L (often called 
outriggers, from standing out fr&m the frames or steam- 
pulleys, on account of their immediate connexion with 
the steam-driven shafts). These pulleys are moved 
by an endless strap from the mill shaft, see Chap. I., 
Book II., plate II. Upon M the main shaft of the 
throstle, tig. 07, close to L (outside^of the cross end- 
frame). is a pinion 1 (indicated by dotted lines at \1, 
fig. 00.) which drives the wheel 2 ; upon the axis of 
which wheel another pinion 3 is made fast to drive the 
wheel 1. 'Hie last wheel drives wheel f)of the roller set 
A. and by means of the carrier (intcrnuHliate) wheel 
G, fig. GG, the wheel 7 uls$> upon the front roller axis of 
the set A ; . The motion thus received is imparted by 
the trout rollers to ♦heir respective back rollers, by 
means of a pinion S, which drives a carrier wheel 8, 
ami another carrier wheel upon the same axis drives 
the wheel 1 1 upon the hack roller sffaft. From the 
back rollers motion is given to the middle rollers ^pon 
the other end of the machine, by wheels 12 and 13, 
attached to their ends, and in gear with a carrier 
wheel, as seen in lig. 68. When it is desired to change^ 
the twist of the yarn, the carrier wheel 2, with its 
piuion 3. is unscrewed, and a smaller or larger piniotf 
is put on instead of it, and adjusted in its place, so as 
to be in gear with wheel 4, for which purpose the 
slot $ is provided in the plane of 2, which k arched 
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concentric with the abaft M. Thus the wheel 2 re- 
mine in gear with the pinion 1, at wlratever point of 
the dot it may be fixed. The up and down motion of 
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Pi*. 69.— — Tlirwai*'. MrohnnUm for traversing the GuMt-W. 

Scale <»two incite* Ui Um fix*. 

tlio copping-rail K is produced as follows : On the 
end of the axis of the wheel 4 is a worm, which drives, 
by the horizontal wheel H, the upright shaft /, at the 
tinder end of which there is another worm «, driving 
the wheel 15, fixed upon a shaft i\ which runs to tho 
middle frame of the machine, where it has fixed to it 
a heart-wheel «c, seen in fig. 66 : r is a shaft running 
the whole length of the ’'machine, to which aro 
attached, at several points opposite, arms y and y\ 
wh(eh are connected with links a\ ami upnglit rods h\ 
passing through the Yearns K and F, to the copping- 
rail K. Titus by turning the shall ./* a little the one 
way or the other, one copping-rail .is raised and the 
other is depressed. 'Hie middle arm y has a rollers 
attached to its top, which is alternately pressed dow n or 
suffered to rise by the revolution of the eccentric or 
heart wheel *r, while the roller is kept in contact with 
it by tho heavier arms y 9 acting as counter weights. 

Upon tho upper surface of the rollers (as between 
b and /, fig, 68,) in the lihe A, A, fig. 67, a travelling 
cone is laid in many factories for the purpose of cleaning 
the top rollers, or taking off from them any loose 
filaments of cotton. This cone is made of wood 
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covered with flannel, and is about one foot long, with 
a baao four inches in diameter. It is laid loosely on 
tile rollers, and travels by friction from one end of the 
roller-beam to the other, in the direction of its summit 
or taper end, in the course of 1 XXX) seconds, or about 
17 minutes* if the path l>e 20 feet long, it will move, 
therefore through one foot in a!>out 50 seconds. It is 
a very elegant automatic mode of wiping the top 
rollers, and of thus keeping the whole in good condi- 
tion. The cone, after completing a journey, is re- 
moved, and a clean one substituted for it. The back 
top roller of die throstle-frame is of iron, large and 
heavy. It is culjed a pressing-roller, of which there 
are 32 in a line of i l l spindles. The cone rests 
against it. 

In u well-mounted factory, such as Mr. Orrell’s or 
Mr. Baileys, there are lanes of three or four feet 
between the adjoining throstle-frames, so that the 
tenters (young women of *17 and upwards), who 
manage 28S>spindle> at least, may move about at their 
ease. 

The quantity turned o(V is about 24 hanks per 
spindle of 30's twist in Gil hqur,s. The bobbin of 
compressed roving, laid on with the spring grosser 
already described, will lust on the throstle -frame from 
four to five days, hi some factories with new throstle- 
frames, fully 30 hanks of 34s or 36s may be 
turned otV. 

In spinning 32 s, the front /oilers of the common 
throstle make 64 revolutions per minute, and the 
spindles 4,500, For the spinning of lower numbers, 
the rollers go quicker ; thus, from 28*e to 30*», they 
make from 66 ta 70 revolutions. Tlte front roller hi 
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the tube roving-frame turns about one-tenth as fast as 
the spindles aijovc mentioned. In Mr. OrreU’s, for 
96's, the front rollers make 72 revolutions per minute, 
and the spindles 4,000. 

In the construction of throstle-frames, the less the 
distance between the front roller and the spinifflfe, 
the more regularly is each portion of the yam 
twisted. When the distance between b and a , fig 68, 
is considerable, the thinner parts of the thread be- 
come too hard twistcsl, and the thicker parts receive 
scarcely any torsion. 

Throstle-yarn, for calicoes, is worth I.?. 4d. the 
pound, when mule-twist, spun fron\ the same cotton- 
wool, soils for l s'. 3 d. The greater part of the 
throstle-twist manufactured in this country is ex- 
ported. 

The common throstle spins the best yarn for the 
warp of velveteens; the Danforth throstle-yarn is 
not wiry and smooth enough on the surface for this 
purpose. The two do not work well together for 
warp in the same woJ>, because the common throstle- 
yam, being the less elastic, is apt to be snapped 
asunder, while the other gives way a little and remains 
unbroken. 

* Throstle spinning costs Urf. per pound in work- 
woman's wages. 

The average price of a good throstle machine, at 
Manchester, is Os. 6 d. per spindle. 

At Hyde, whero excellent throstle-yam is spun, 
3 J hanks of 36*s arc the average daily quantity per 
spindle, or about 21 hanks in 69 hours. 

I visited a great factory at Stockport, where the 
throstle-spindles revolved 5,000 times in the minute; 
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add the front rollers 90 times, in spinning 36*«. 
These machines were constructed by Mr. Gore, of 
hfanchester. I was informed that Mr, Axton, of 
Stockport, had contrived a modification of the throstta- 
spindle, iti consequeuce of which he could give the 
frolic rollers^ speed of 80 turns in the minute, and the 
spindles 7,00(1 turns, in spinning 24'a. 

The winding-on ofc the thread in the common 
throstle is effected upon the following principles: 
the bobbin is dragged round by# the thread, and thus 
compelled to follow the motion of the flyer and 
spindle. The thread being firmly pinched by the 
front pair of rollers at one jniint, while it is rapidly 
whirled by the flyer at another, is exposed to con- 
t inual extension, and is, at the same time, twisted. 
Putting the tension out of view for a moment, let us 
consider a certain elongation of the thread, one incli 
for example, by the action of the drawing-rollers. 
The weight of the bobbins, and their friction upon tha 
copping-rail, t w*hieh may be modified at pleasure by 
putting a bit of leather under their bottom discs, wHI, 
upon this supposition, bo the cause of the bobbins 
remaining for that space behind the flyer in a state of 
rest, till that portion of thread, by the whirling of the 
flyer, has got ^vound up, and the former tension is 
once more renewed. The delivery of the thread from 
the drawing-roller does not take place, however, by 
fits, or inch by inch, but unceasingly, at a continuous 
rate ; and banco arises a continuous retrogmdation of 
the bobbins relatively to the* spindles, which is such, 
that the thread given out during the revolution is in 
the same time wound on. This procedure in the 
spuming is essentially the same with what has been 
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fully explained in describing the operation of the 
bobbin-and-fly frame, but it is here simplified, as 
the retrogradation regulates itself according to the 
diameter of the bobbin, by means of the tension or 
drag of the thread. In the fly-frame this dragging 
action is impossible, on account of the loosely co- 
hesive state of the rovings ; and therefore it becomes 
requisite there to provide thtr bobbins with an inde- 
pendent mechanism* for turning them rouud. 

Nor is the up and down motion of the bobbins 
upon their central spindles, which is necessary for the 
equable distribution of the yarn, and which should be 
nearly of the same extent as the length of the bobbins, 
©fleeted by the same complex mcclianism as in the 
fly-frame. Strictly considered, this traverse motion 
should go more slowly in proportion as the bobbins 
get fuller, as is done in the bobbin-and-fly frame ; but 
on account of the firgincss of the throstle-yarn, this 
-variation in the speed of the copping-rail, which would 
make the machine very complicated, may bo neglected 
without inconvenience. The only consequence is, that 
the coils of the yarn become progressively more sparse 
upon the bobbin, us its surface is enlarged. 

chief interruption which occurs in throstle-spin- 
*ning, takes place during the removal .of the full bob- 
bins, and the substitution of empty ones This task is 
called doffing, and may lie estimated to occasion a 
loss of about half an hour a-day with the common 
throstle, and three-quarters of an hour with the Dan- 
forth, but much depends upon the dexterity of the 
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Fig, 71 is part of the front view. 

Fig. 72 represents a cross section of one side of 
the machine displaying the process of spinning* 

Fig. 73 is a particular modification of the spilidle 
of this machine, as used for preparing cops for 
the shuttle, similar to those formedhy the mule. 

A is the usual fixed and -loose pulley, by which the 
mill-power motion is given to the machine, and is 
abstracted at pleasure. It makes about 480 revolu- 
tions per minute. *B is a pinion which drives ^hc 
wheel C ; and a pinion D, on the same shaft with the 
latter, gives motion to the wheels G, G, by means of 
the intermediate wheels E and F. < The wheels G, G, 
are connected with two sets of drawing- rollers II, II, 
on either side of the machine. These drawing- rollers 
are arranged here as in the other machines for cotton 
spinning ; the bottom ones are of iron and fluted, and 
the top rollers, being* covered with cloth and leather, 
are pressed upon the former by weights K, fig. 72. 

The flutod rollers are put in motion by wheels, and 
travel with different velocities ; the front rollers 
making about 120 revolutions per minute, (according 
to the quantity of twist the yam is to have,) the 
midcHo about 17*20, and the back rollers 12* 10 revo- 
lutions, their speed being regulated by 1 change wheels, 
according to the quality of the yarn. It may bo 
easily perceived that the roving I, being introduced 
between those rollers, will be stretched there, and 
drawn to a thinner thread by the time it leaves the 
front rollers. This is -the first operation of this spin- 
ning machine. 

The next thing to be done is the twisting. See figs. 
71, 72. 
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a is a spindle, fixed in the bar m, by a screw ; 6 is 
a small pulley, with a tube connected to it, turning 
freely round the spindle a. 

This pulley is put in motion by an endless band <\ 
from the dnim L, which band passes first round two 
spindles on <fno side of the machine, then round two 
On the other £ide* and, lastly, over the tightening 
pulley M, back to the <lrum. By these means four 
pulleys 6, are turned, and four threads twisted by the 
sanf& hand. Upon the pulley ?>* and over the said 
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tube, is put the bobbin, on which the thread is te be 
wound after it has been twisted by the revolving 
pulley b. 

Vo wind up the thread as it is constantly deli*, 
vered from the rollers, forms the third operation. For 
that purpose the thread must be guided perpendi- 
cularly upon the axis of t he ^bobbin, which is done in 
common throstles,, as we have explained by the fly of 
the spindle. 

In the present instance it is performed by a hollow 
cylinder, fixed on the immovable spindle, which causes 
the thread to pass round its under edge to the bobbin, 
whieli has, by the friction on the fmlley b , a tendency 
constantly to revolve, and so to wind up the thread as 
it is delivered. This winding up would be, however, 
very imperfect if either the bobbin, or the guide, that 
is the cylinder, did not make an up and down motion 
in order to fill the whole bobbin uniformly with twist. 
It has been found the preferable way to give this 
traverse motion to the bobbin. The small whorls or 
pulleys which support the bobbins, and easily slide 
along the spindles, rest ujx.ui a plate f y which is moved 
up and down by flic levers ©, o, fig: 70. The leverj get 
this motion by a heart-shaped plate P, fig. 70, working 
on a small roller, and fitted ou the same shaft with the 
wheel U, which is driven by means of the shaft 8, by 
a wormT, on the shaft of the wheel E, fig. 71. 

The pulleys or whorls b, b> make about 0.000 revo- 
lutions per minute". Jo prevent the threads from 
running against each* other at this enormous speed, in 
some machines the space for each bobbin is separated 
from the others by semi-cylindrical partitions of tin- 
plate, made fast to a board behind them. 
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To be able to spin on the tube of the whorl, a cop 
like fig- 73, (without a bobbin,) an eccentric apparatus, 
must be added to the throstle, which regulates the 
going up and down of theftpuiley, according to the 
desired shape of the cop. 

The patentiH?, in his specification, describes his im- 
provements to consist “m the employment of a cir* 
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cular rim adapted to the spindle, for the purpose of 
guiding the spun thread on to the taking-on bobbth* 
in place of the ordinary flyer. Upon the spindle a 
sliding roller is placed, which being connected to at 
movable bar, like a traversing copping-rail, ascender 
and descends upon the fixed spindle by the usmlr 
lever and heart movement^. 'Hie whorl, whirl off 
pulley, turns lopsely upon the spindle, its barrel 
bearing upon tho top of the pulley, to which it is 
locked, when in operation, by a pin passing tlirough 
the side of the bobbin, and catching against an ele- 
vated jmrt of the whorl barrel ; hence it will be per- 
ceived, that the whorl and bobbin move together: tho 
hollow conical cap placed on the top of the spindle, 
where it remains stationary, is made sufficiently large 
to admit of the bobbin, when empty, to pass up 
within it. 

Let it now bo supposed that tho end of the roving 
of yarn delivered from tho front drawing-rollers is 
•brought down upon the outside of tile cone and at- 
tached to the lowhr part of the barrel of the bobbin. 
The pulley or whorl being then put in motion, the 
bobbin revolves With it, and spins the yarn as it do* 
sccrnls into a tight thread, which flies round the cone, 
turning under its lower edge or rim, when, from the 
resistance of the atmospliere, and the light friction of 
the thread against that lower rim, the effect will bo 
to twist the thread, and to cause it to wind upon the 
bobbin, beginning at tho bottom of the barrel of the 
bobbin, and progressively winding up round the 
barrel as the bobbin descends out of the conical cap. 

When the bobbiu has become filled with the yarn, 
the conical cap must be lifted off the spindle, the full 
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bobbin be removed, and an empty one put in its 
plaeew 

i Itt an excellent cotton-mill at Hyde, where the com- 
mon throstle-spindles turn off 3} hanks of No. 30s 
warp each, int he day, the Danforth (with bobbins 
upon the spindles) turn off 5^. The latter yarn covers 
better in the wet> f and i^ therefore more economical 
in the manufacture of certain kinds pf calico-cloth. 

Hie Danforth frame, with small ^onical caps, such 
as are represented in fig. 73. is driven with such ve- 
locity as to yield the astonishing quantity, per spindle, 
of 7 \ hanks per diem of 11$> hours. There am 216 
spindles in each of tllbse machines. Such soft spongy 
yams are estimated to go 40 per cent, further in the 
warp of a loom, than the wiry |K>lished thread of the 
common throstle. 

Hie thread in the Danforth throstle is whirled so 
rapidly round the conical cap, as to project in space 
the appearance of a continuous conical fleecy surface, 
intersected by four vertical lines, coincident with the# 
centre and the two lateral edges of tRe cone. It is im- 
possible for a stranger visitant to resist this visual 
illusion. 

It is the friction of the yarn against the rims of the 
caps which permits the bobbins to revolve faster than 
the thread is delivered, and causes the winding of 
it on. The front rollers are usually one inch in 
diameter. 

The operation of this productive* machine is liable 
to certain objections. The bobbins of yarn it affords 
are necessarily small, softly wound, and are subject to 
considerable waste in the reeling upon bobbin* for the 
warping-mill. Yet, as 40 batiks of yam may be 
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apun weekly upon this throstle, while only SO of the* 
same number could be spun upon the common one, 
and as the elasticity of tho former kind fits it pecu- 
liarly for weaving certain calicoes, the Danforth has . 
many zealous partizans in Lancashire. 

Gores Patent Throstle* Spindle. 

Mr. Henry Gore, the eminent machine maker of 
Manchester, obtained, in December 1831, a patent 
for a peculiar throstle-spindle, which is much esteemed 
by several skilful manufacturers. II is improvement 
relates to those parts which are called the collars, for' 
the upper hearings of spindles, Staining them in ver- 
tical positions as they revolve. For the ordinary col- 
lar, Mr. Gore substitutes a till** maths fast at its 
lower end to the spindle-rail, in the same manner as 
the ordinary collar would he fixed in it ; hut the tube 
stands in a vertical position above the spindle-mil, and 
is interiorly larger in diameter than tin* spindle which 
passes through it, except at its upper end, which rises 
into the hollow' within the barrel part of the wooden 
bobbin. The bore of the tube at that upper end is 
made to fit the spihdle exactly, so as to form the upper 
bearing for the spindle, and to keep it truly vertical 
in its rotation. 

In fig. 74, two inch spindles are represented in sec- 
tion. In (1) a is the upper end of the spindle, and h 
the lower eud or toe, which revolves in the step or cup, 
supported by the Tower spindle-rail ; c is the wharve 
or whirl ; d is the Oyer screwed upon the top of the 
spindle ; and e, the wooden bobbin ; / is the tubular 
collar ; the lower part g of the collar » fitted iota a 
hole in tho upper spuulle-rail, and is made fast by a. 
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ait, screwed on beneath, which drawls it close down to 
the shoulder. The tube / rises ami falls upon the 


« « 



Tin* bore of that tube mi much larger than the 
spindle av to give it perfect freedom of resolution; 
bnt a bras-, hush is driven in tight into this wide tube 
near its upper end. which fits the spindle exactly, and 
forms its collar or upper hearing. $ 

The upper hu»h of the wooden bobbin e is fitted 
upon the part of the spindle as ordinary hut the lower 
bush is bored out larger than usual, to fit the outside 
of the fixed tub**/*. There is a metal washer h , fitted 
loosely upon tjje outside of the tube /*, so as to slide 
freely up and down upon it. The flat flange of the 
metal washer rests upon the flat surface of the cop- 
ping-rail, and the usual circular washer of woollen 
cloth is interposed between the .base of the wood bob- 
bin, and the top surface of the flange of the washer. 

The metal washer h is left quite at liberty either to 
go round with the bobbin, or to stand still ; and 
another cloth wa.sher may be placed beneath it upon 
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the coppingjgail if required The tube/round which 
the bobbin runs being immovable, the friction which 
takes place between the lower bush of the wood bob* 
bin and the outside of the tube, tends to augment thO 
drag of the bobbin. ' <• . 

The upper side of the flange at the bottom of the 
tubular collar, is hollowed out to form a cup for the 
reception of oil, and every time the washer descends 
upon tile tube, it dips into the oil, and carries up with 
it as much oil as will keep the outside of the tub* f 
sufficiently greased for making the lower bush of the 
bobbin run light upon the outside of the tube. 

The sanio tube may be fixed in tile copping-rail ; it 
will then move up and down the spindle from two to 
three indies, or the length of the lift, which enables 
the spindle to wear much longer, and makes it con- 
venient for oiling, and when the bobbin is at tlie top 
of the spindle, the top of the tube is nearly there also, 
wliiclt keeps it steady. 

„ The copping-rail must be made of a proper strength, 
and be fitted up in the best manner. 

Fig. (*2) represents a similar spindle with the addi- 
tion of a thin metal tube (seen exterior to /,) which is 
fastcued on die spindle just above where it comes 
through the top of the tubulur collar by screwing as 
usual. This tiiin tube turns round with the spindle^ 
and the lower bush of the bobbin is fitted to its out- 
side, so os to diminish the drag of the bobbin, since 
the tube turns in tlie same direction with the bobbin. 
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Montgomery s Patent Spindfr. 

In April 1832, Mr. Robert Montgomery, of the 
town of Johnstone, in Scotland, obtained a patent for 
a modification of the throstle, as communicated to him 
by the American inventor. This contrivance consists 
in a certain addition to the flyers, which keeps them 
in the same position, mule the swindles are caused to 
file and fall, for the purpose of laying the thread 
tegularly on the bobbins ; the spindles not being per- 
mitted to turn, because they are fixed to the bottom or 
cross-rail. By this means he supposes the fl\ers and 
spindles will be ]t%<* liable to vibrate than ns they are 
commonly constructed. 

Iu this machine (see fiy. 75,) the spindle #\ on which 
the bobbin is built, does not ro\olve, Itecause it is 
made fast to the bottom or cross-rail and is moved 
orsliddcn up and down within the flyer er, n, so as to 
carry the l>obhiii along with it, whereby the yarn may 
be laid regularly upon the bobbin. This is loose, but 
bears upon the boss, which is fixM upon the spindle, 
and allowed to run on it, in consequence of the fric- 
tion or drag of the>>am, as shown"al the spindle A. 

The rail h. A, into which the spindles are secured, is 
made to travel* up ami down iu the usual way, as we 
hove already described under the common throstle. 

In spinning soft yams, they inay be wound either 
upon tiie Inihbin, or upon a tul>e or shell, as shown at 
the spindle 13 ; which, when (ull, will be of a proper 
size and shape to be placed in the shuttle. 

At the spindle C\ the \aru is represented as laid 
upon the bare spindle, ami in order that the friction 
should be as much relieved as possible, a small auxi- 

VOL. II. II 
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liary spindly inserted into a hollow part of the fixed 
spindle, as shown in section at D. The fitting of the 
auxiliary spindle into the other must be so easy as to 
atyow of its moving round freely by the drag of the 
yam. On the common mule spindle the cop is built 
without any auxiliary spindle. 

It is to be understood that^ the spindles i , though 
fixed in the lower rail /, yet slide up and down within 
sfrp flyers a, a, by thp occasional elevation and depres- 
tidn of k, called the copping* rail ; and that the flyers, 
though they revohe, are confined between the rails b 
and k , The fleers are turned, as usual, by bands or 
cords going round their wharves or Whorls. The lower 
ends of the fijers, or foik^, aie connected with the 
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flange or rim upon the top of the whasse, "which 
forms the main feature of the invention, since it affords 
the means of building the cop upon the common mule 
spindk, equally with the inverted spindle, and also of 
building the bobbin upon the fixed spindle.” 

b, b, b , are the stay rails, in which the upper parts 
of tile flyers tum;*r, r,^irc the side guides for the 
yarn* A hole is j>erforatcd through each flyer in its 
centre at top, which transmits the thread from the 
front roller to the side guides e, t. The patentee 
claims merely the connecting the end* of the flyer with 
the drawing wliarve or pulley, whereby he is enabled 
to keep the flyer fh the same position, while th* 
spindle rises and falls, and carries the bobbin or other 
instrument to receive the yarn up and down with the 
flyer, for the purpose of laying it on regularly. 

Throstle-spinning costs IJi/. per ]>ou!id in wages; 
that of the self-actors costs only three farthings at 
most, both at No. 3tVs. In a certain factory five- 
eighths of a j>onny is the wages for spinning o rwf 
pound of on the self-actors two-thirds of which 
is weft, and one-third warp or twist. 

But there are refnarkable differences in the pro- 
ductive power of ^liflerent respectable factories in and 
about Manchester, one of them being known to turn 
off twenty pounds of cotton-yam, while another turns 
off only eleven of the same grist, and with th? same 
number of spindles. Of this extraordinary circum- 
stance I was assured by an experienced spinner, who 
having realised a competency in the trade, had retired. 
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SECTION II. 

The Mulcj and Mule Spinning. 

The following introductory remarks, illustrative of 
the peculiar action of the mule, are intended to give 
the general reader a clear conception of the philoso* 
phical principles of cotton spyining. 

Upon a minute examination of thread, it will be 
found that the twisting is not uniformly distributed 
throughout the whole of its length, but that it has 
taken place in different parts, inversely as the square 
of the dittmeters of these parts, or at least in nearly 
that ratio. Hence the thinner portions of the thread 
take up or appropriate a much larger proportion of 
the twisting power than the thicker. This peculiarity 
was noticed at an early period in the art of cotton 
spinning, though it is uncertain whether Crompton, 
the inventor of the mule, was acquainted with it ; and 
it gave rise to a peculiar operation in working this ma- 
chine, called the second draw. This movement is 
found to bo indispensable in the spinning of ail the 
higher or finer numbers, and e\en in making the host 
qualities of the middle numbers of yarn. By its 
means the inequalities which occur, in spite of all the 
precautions resorted to for equalizing the filaments in 
the preparation processes, are diminished, ami the 
yarn is rendered more level, and freer from soft or 
weak points. 

J fhe general action of the mule may be stated as 
ows : — The rovings being passed forwards from 
their respective bobbins, set upright in the creel* 
through between the rollers, and their ends being at- 
Cached to their respective spindles, as already ex- 
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plained in describing the stretching-frame, the rollers, 
and carriage with its spindles, are all set in motion 
simultaneously, the carriage being made to recode from 
the roller-beam at a somewhat quicker rate than the 
tn*rface-speed # of the front rollers, or the delivery of 
the soft threads, and not, as in the stretching- frame, 
at the same speed* Tjjis excess of velocity is called 
the *' gain” of the carriage, and is intended to render 
the thread level upon the principle above explained* 
namely, that the great or quantity of twist runs into 
the slenderer, or weaker parts of tit© yam, and ob* 
struct* their due extension ; whereas, if the quantity of 
twist be skilfully lufhpted to tlu* occasion, the thicker 
portions of the threud will have time to he acted upon 
by the gain of the, carriage, till their substance is re- 
duced somewhat nearer to the average thickness re- 
quired. When the carriage has moved out about 45 
or 50 inches, according to the fineness of the work, a 
general change takes place in the operation of the 
mule. 'Hie rollers suddenly stop, the spindles begin 
to revolve with a nearly double? velocity* and the 
carriage slackens its pace to about one-sixth of its 
previous sjiecxl. This stage of the process is called 
the stretching, pr the draw. The extension of the 
filaments, performed in part by the twin-roller system, 
it by this action carried on and completed in their 
softly twisted state. When the carriage, by its ad- 
vance, has stretched the threads to the full extent 
they will bear without breaking, the second dhtw 
ceases by the stopping of the .carriage, while the 
spindles still continue to revolve till the requisite quan- 
tity of twist is communicated, which is regulated by 
the twist-wheel haring completed a certain number of 
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turns. Upon the twist-whegl shaft a finger is usually 
fixed, which at each revolution disengages a catch, 
whereby the driving-strap is allowed to pass to the 
loose pulley, and the whole machinery stands still. 
The spinner now puts down with liis left hand the* 
fuller, or guide-wire, to the level requisite for guiding 
the threttds into the proper winding-on position upon 
the cops of tlte spindles. In putting down the faller- 
wire, he at the same time unwinds that portion of the 
thread which is coiled spirally round the spindle, from 
its point to the nose of the cop, which he does by 
causing tin* spindles to turn the backward way, with 
his right hand working their main driving pulley. 
This operation of undoing the spiral coil is called the 
bucking off. 

Whenever the fuller has arrived at the degree of de- 
pression suited to the winding-on of the yarn, the spin- 
ner now reverses his backward motion, and winds on 
the yarn by causing tin* spindles to turn tin* forward 
way, while, at the same time, he pushes in the carriage 
at u rate commensurate with the revolution ol the spirt- 
dies, As the carriage approaches the roller-beam, the 
spinuer gradually raises the fall rr-w ire* to allow the 
Wat portion of the threads to be coiled again in an 
open spiral, from the nose of the cop up to their 
points. One operation being thus completed, another 
ta immediately begun. 

Dy winding successive portions of thread upon the 
conical-shaped coil of yarn is formed, which, 
WlKwfliciently large, Is slid off the spindle, in which 
‘rttSwnBia article is ready for the market, under the de- 
nomination of Cop Yam. A considerable quantity of 
il, however,- -—particularly of that destined to be dyed or 
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•hipped to foreign couglries, — is unwound from the 
cope upon reels, and thereby made up into skeins or 
hanks. 

Tiie Mule, or Mule Jenny, is a mac) line which con- 
sists of the following four distinct members : — i.Of 
the drawing mechanism, or twin-roller system, which 
comprehends a great i^uny tinted |>ortio»s. each por- 
tion usually serving, as m the throstle-frame, to operate 
upon two parallel threads. 2. A movable carriage of 
a length equal to the roller-lieum, mounted wills as 
many spindles as there are threads to be spun. This 
member runs upon wheels, along three or more ground 
rails, horizontal, of nearly so, which allow the carriage 
(he feet of forward and backward motion, relatively to 
the roller-beam. '\. 'File head -Miuk. or the macliinery 
driving parts with the frame work. In some mules 
the heail-sUnk is placed in advance of the roUer-lwam 
towards the middle of its length, thus dividing the 
range of thread- into two portions. The carriage hem 
works lieneath the level of the head-stock, and ako 
divides the spindles into two cofres]>onding portions. 
In many mules, however, the head-stock is put ladiind 
the roller-beam, so as to leave the 'vf hole length of the 
roller- lieani and carriage without interruption. In the 
earlier and shorter mules the head-stocks were placed 
at one end of the roller- beam— a construction not 
suihnl to the longer mules of modern times. *1. The 
creel -frame, erected behind the roller Wain, for hold- 
iug the bobbins filled with the rdvings to be 

This important machine, in. one of its new^tf^Brnd 
most improved forms, is represented in figure!, I, 2 , 
and 3, plates V. and VI., being die construction pre- 
ferred for the most delicate operations of fine spinning, 
one which combines all the varieties of mechanism in- 
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troduced into the mule. Th§ frame* work is of a so~ 
lidity and mobility calculateu to spin 1,000 threads in 
one line. 

Plate V., fig. 1, is a front view of the middle portion 
of the mule ; the spindles tnd other apparatus being 
similarly extended upon both sides of the portion re- 
presented in the engraving. f • 

Plate V., fig. 2, is a cross section of the mule, for the 
purpose of exhibiting the spinning parts ; the carriage 
being shown by full lines in the position nearest to the 
roller-beam, and by dotted lines in its position when 
fully run out. Fig. 3, is a cop of yarn. 

Plate VI., fig, 1, is a view of the head-stock ; the car- 
riage, front roller-beam, and creel being removed. 

Plate VI., fig. 2, is a cross se^fton of the mule, and 
nn end view of tin* head-stock, to show how motion 
is given from the latter to the front rollers, the car- 
riage, and spindles. Fig 3, is a plan of the spindle- 
drums. 

‘ Fig. 70 is a gas-light perspective view of a small 
apartment fitted up with mules, upon the older con- 
st ruction of head-stock apparatus, for spinning low 
numbers of yarn. Here the overlooker, spinner* 
piecer, and scavenger, are shown in their respective 
positions. 

When the spinning operations begin, the rollers de- 
liver the equably attenuated rovings, as the carriage 
comes out, moving at first with a speixl somewhat 
greater than the surface- mot ion of the front rollers* 
I'hrijpimUes meanwhile revolve with moderate ve- 
locity, in order to communicate but a moderate degree 
of twist. When the carriage has advanced through 
about five-sixths of its path, the rollers cease to turn 
or to deliver thread. The carriage thenceforth moves 
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at a very slow pace, whild|hc speed of the spindles is 
increased to a certain pitch, at which it continues till 
the carriage arrives at the end of its course. The 
spindles go on revolving till they give such an ad* 
ditional twist, to the threads as may bo desired, the 
degree of it boing greater for warp than for weft, and 
for bobhinet and muslin yarns than for the 

yarns of softer fabrics. The spindles then stop, and 
the whole machine becomes, for tlie moment, insulated 
from the driving shaft of the factory. Now the de- 
licate task of the spinner begins. First of all, ho 
causes the spindles to make a few revolutions back- 
wards, by turning a winch-handle that acts on a pulley 
which moves all the spindle-d rums nt once. In this 
nay he takes oft’ tlio’flant coils from the upper ends 
of the spindles, to prepan* tor distributing the T>1 or f>6 
inches length of yarn just spun properly upon their 
middle part. This rctrogradation of the spindles is 
the process already described under the name of back- 
ing oft'. , 

The spinner having seized the faller-rod with his 
left hand, gives the faller-wire such ,a depn^sion as to 
bear down all the tfireads before i. to a level with the 
bottom of the aop. or conical coil, of yarn formed, or 
to he formed, r^und the spindles. While his left hand 
is thus nicely applied, under the control of an ex- 
perienced eye, his right hand slowly turns the handle 
of the pulley in communication with the spindles, SO 
as to give them a forwards rotation, and his k|eo 
pushes the carriage before it at* the precise rate re- 
quisite to supply yam as the spindles wind it on. 
Three simultaneous movements must be here very 
delicately and dexterously performed by the mule* 
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•pinner \ first, the regulation of the faller, or guide- 
sure, continually varying in obliquity ; secondly, the 
rotation of the spindles, perhaps 1,000 in number, at 
a measured speed ; and thirdly, the pushing in of the 
, carriage at such a rate pfeeisely as to supply yam 
, no faster than the spindles take it up. In fine spinning 
upon a mule, like the one represented in the engraving, 
where nearly 1,000 threads were spun at once of 
almost invisible tenuity; tiie skill and tact required in 
the operator deserve no little admiration, and are well 
entitled to a rncflpt liberal recompense. In the process 
of wjnding-on, so as not to break the threads, and 
in coiling them into the shapely conoid, called a cop, 
the talents of the spinner are peculiarly displayed. 
As the carriage approaches ^ its primary position, 
near to the roller- beam, he allows the fallcr-wire to 
rise slowly to its natural elevation, whereby the threads 
once more coil slantingly up to the tip ot* the spindle, 
and are thus ready to co-operate in the twisting ami 
extension of another stretch of the mule. Having 
pushed the carriage home, the spinner immediately 
sets the mule again in geer with the driving-shaft, by 
transferring the strap from the loose to the fast steam- 
pulley, and Urns commences the same beautiful train 
of operations. It is during the few instants after the 
carriage starts that the lively little piecers are seen 
•kipping from point to point to mend the broken 
threads. Whenever it has receded a foot or two from 
the delivering rollers,, the possibility of piecing the 
yam being at an end, the children have on interval for 
repose or recreation, which* in iiue spinning at least, 
is three times longer than the period of employment. 
Jhe spinner likewise has nothing to do till after the 
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completion of the frmiurange of thready when ha 
ance more backs off the slanting coil* and winds cm 
the 14 stretch.** 

, A, A, plate V. figs. 1,2, is the triple pair of drawing 
rollers working in heads fijled upon the roller- beam, li, 
C is the crje/, or rails, in which the roving bob- # 
bins are arranged In thjeo, or sometimes in four rows, 
one over and behind another, according to their s»*o 
and the smallness of the cop upon the spindles. The 
creel and roller- beam are both supported by frame- 
pieces of strong cast-iron, such as D* 

E, E, is the carriage to which an* attached three or 
four horizontal ban*. E, which rest upon the axes of the ' 
wheels, G. G. TIkj wheels run upon the rail-wav, H. 
The carriage is consfflicted of two long planks, a and 
b, extending through its whole length, ami hound with 
cross pieces of wood or iron made fast by screws. There 
are likewise diagonal braces to prevent any tendency 
to warping or vibration. Moreover, two, or sometimes 
four iron rods are attached diagonally along the bot- 
tom of the carriage from end to end, or from tho 
middle to the end, and secured at their extremities 
with screw bolts and nuts, for the purpose of drawing it 
into a straight yr scpiare form, in case it should become 
uneven, or, as^workmen say, untrue, in the slightest 
degree. Upon the carriage plunks, or beams, a frame- 
work, r, f/, is built, in the forepart of which tho top- 
bushes and bottom steps of the spindles, I, are fixed * 
Tho spindles themselves are set, in an inclined position, 
sloping towards the roller-beam,* so that in their usual 
revolution they may twist the threads round their 
points without tending to wind them upon their sur- 
bew, during the coming out of the carriage, e , e, am 
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little pulleys called wharves, fixed upon the under 
part of the spindles, each at a different height, through^ 
otit a range of eight or sixteen adjoining spindles. By 
this means the echellon arrangement, seen in fig. 1, 
plate V., is produced. 

K is a scries of drum cylinders made usually of tin- 
plate, each being furnished vpth ttoo grooves round 
their upper end, for receiving their driving bands. 
Their smooth sides receive and work the moving bands 
or cords of two ranges, containing from sixteen to 
thirty-two spindles. The uppermost cord impels the 
first spindles of the adjoining two rows; the second 
cord moves the second spindles ot the same ranges, 
and thus in succession, /’is a long, slender iron shaft, 
lying in the hearings g, over tl#earriage from end to 
end, and provided with small anus h , A, called the 
fallrrs'. These hear the fnller-wirc i (pi. V., fig. i), 
which serves to depress all the threads front the points 
oft he spindles (see dotted lines under i in fig. 2), and to 
bring them upon a level with the bottom of the cop in 
tint act of winding-on already explained. The gradual 
rise of this wire allows the thread to be duly dis- 
tributed upon the cop. Since the most expert spinner 
can hardly be expected to apply the fuller with geo- 
metrical precision, so as always to coil on the yam 
proportionally to the rotation of the spindles and to 
the advance of the carriage before his knee, there is 
another regulating wire called the couriterfaller. This 
consists of lever amis /, fig. 2, having a fulcrum attached 
to the frame-work of the carriage. These arms bear at 
their points m, a wire which extends horizontally like 
the faller, from end to etui, but beneath the surface 
level of the threads. On the other ends of these level* 



MUJ.B SPINNING, 


157 


are weight* a, which cause the wire m to rise so as to 
balance the thread# nicely after their depression by the 
fidler-wire t, and to straighten them when loose. 
Should the tension be too groat, the counterfallor lever 
itself must be depressed. It is obvious tliat the weighty 
n , should be directly proportional to the number ofthe 
spindles, and inversely to the fineness of the yarn. 

L, I,. pi. VI. figs. I and 2, show ^hc containing frames 
of the head-stock, w hich serve partly to support die 
roller-bikini, B. Two nudes are generally fitted up 
together, back to back, so that the frame of the head- 
stock of each mule sustains partly its own roller- beam, 
and partly that iif the next mule, as may he under- 
stood from inspecting the hroken-oft* arm, o, pi. VI. 
fig. 2. By this arrangement, two neighbouring mules 
stand always with their faces fronting each other, and 
an* worked together by one spinner, who conducts the 
winding-on of the yarns, and the putting up of the 
carriage ofthe one nude, while the mill-shaft power is 
dri\iug the other mule in the process of drawing, twist- 
ing, aiul stretching. SW fig. 70? 

'Hie motions are communicated us follows : — 

M* M'. M", are three horizontal driving or steam - 
pulley’s, plate VI., tigs. 1 and 2, set upon an upright 
» haft p. Thc^’ are driven by a band from a broad 
pulley upon an upright mill-shaft, sec plates Land II., 
which impels tile two mules which stand back to back. 
M, the lowest* is usually the loose pulley, to the sur- 
face of which the strap is shifted when the machine 
throws itself out of gecr after finishing a stretch. The 
pulley M'« is fixed along with the toothed wheel 1* 
upon a boss (or thick part of the shaft;, which turns 
loose upon the. shaft, p, p. Hie pulley M", is fixed 
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upon the shaft p, along with the toothed wheel, 2* 
These wheels, 1 and 2, are constantly in geer with the 
wheels 3 and 4, fixed upon the upright shaft, <j , from 
which the twisting motion is conveyed to the spindles • 
by the twist-pulley, N. This pulley is provided with ' 
six grooves of progressively increasing diameters, cal- 
culated to vary the velocity of the spindles. 

Upon the shaft, p, is a beve&wheel, 5, which moves 
the bevel-wheel, f), turning upon a horizontal shaft, r. 
From this shaft motion is given to the drawing- rollers 
in the following way. The bevel-wheel, 7, upon the 
shaft, r, drives the wheel, 8, upon the shaft, s ; whence 
the motion is communicated by tv.o bevel-wheels, 9 
and 10, to the shaft, t, wiiich connects the front rollers 
of each side of the machine. The motion of the rollers 
is stopped by pushing aside the wheel, 8, out of geer 
with 7, by means of the lever, u ; for this reason, the 
shaft, s, lias been called the tumbling shaft. 

From the shaft, r, two motions with different veloci- 
ties are produced in succession to take out the carriage 
of the mule. The fust, and quicken* motion is given by 
wheel 11, to the large horizontal bevel-wheel, 12, culled 
the luendozu, upon the upright shaft v ; the lower end 
of which bears a rope pulley O. Upon this upright 
shaft, r, is another horizontal bevel-wheel, 13, of the 
same size as 12; which wheel is thereafter put in mo- 
tion by the small bevel wheel, 14, fixed upon the axis 
of the large wheel, 15. This is driven by the pinion 16, 
and therefore gets a slower motion than the wheel, 14* 
The bevel-pinion, 11, is put in geer with its bevel- 
wheel, 12, in consequence of the shaft v bciug lifted 
up by the rising of the bearing step x, under the action 
of the lever, y. (PI. VI., fig. 1, and 2, at bottom.) By the 
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subsequent depression of the lever, the abaft « fhlta, 
and brings tho wheel, 13, in goer with its driving* 
pinion, 14. After the carriage has run out to tho end 
of its course*, these bevel-wheels, 13 and 14, are also 
thrown out geor by the depression 'of the wheel, 15, 
and its attached bevel-pinion, 14 ; which are thus dis- 
connected with their jespeetivo wheels. 16 and 13. 
IIow these various motions are given will be presently 
explained. » 

VVc shall now describe how the carriage is taken out 
by die rope pulley O. In the front of the mule, at tho 
spot to which the carriage comes on completing its 
stretch, is a horizontal ropu pulley. P (plate V.) turning 
freely upon an upright stud or bolt, fised to the floor, 
and is, with the shuft of the pulley O, in a lino parallel 
to the course of the carriage. Hound these two pulleys 
an endless rope, r, passes ; with one looped branch of 
this rope, a holt, a f , is connected, which is attached to 
the carriage K. lienee, by turning the shaft, t, with 
the pulley O, first quicker and then slower, a cuiTo- 
spondent rate of motion will beVominunieated to the 
carriage: and when the shaft stops, the carriage will 
be fully run out. 

We shall ngxt explain how- the spindles receive their 
whirling motion all the time they go out and in with 
the carriage. »Srv plate V. 

From the twist-pulley, N, in the head-stork at the 
back of the mule, au endless hand proceeds, one branch 
of which goes round the gropvetl horizontal pulley, b, 
beneath tlie carriage, ami then, turns over thft guide- 
pulley, c', (pi. V. fig. 1 ), for the purpose of driving Jill 
the drums, K, situated on the right -hand aide of the 
carnage, by pacing round their topmost groove#, and 
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returning round their second grooves in order td get 
at the ldft-hand side of tho carriage. After driving all 
the drums there, it then proceeds to the middle of the 
machine, passes over the guide-pulleys, df and<?', in the 
carriage (as shown by dotted lines in fig. 43), to a 
horizontal pulley, Q, which revolves freely upon tho 
same upright stud or bolt, with £he rdpe-pullcy, P, and 
joins thereafter with .the end of the band at the twist- 
pulley, N ; from whioh the line of its course began. 
Thus it appears that the drums, K, are turned by tho 
twist-pulley N, quite independent of any motion or 
position of the carriage, as the endless band is kept of 
uniform length in consequence of the end pulley Q, 
and the guide-pulleys // c f (t *' of the carriage, re- 
volving within the coils of the endless band. 

A general idea of the working of these band-coils 
round the twist-pulley, N, the end pulley, Q, and the 
carriage drums, K , may be formed by inspecting plate 
VI., fig. 3, in which the carriage, represented by the 
line*, E, K, is seen to be movable backward* and for- 
wards between the fixed centres of the pulleys, N and 
Q ; while the coils of the hand continue to move round 
the drums. In fig. 3 the revolving parts are shown in 
one plane ; whereas in the mule itself they lie in dif- 
ferent planes, as may be seen in plates V, and VI., and 
are conducted through their changes of plane by the 
several guide-pulleys. 

Upon end of the shaft, pi. VI. r, there is a worm which 
drives the wheel, f\ attached to an oblique shaft, g\ cm 
the under end of which are two little amis, h! and i', 
by which the strap is made to shift upon one or other 
of the pulleys, M, M', and M", by the guide-fork, 

In beginning to stretch, the spinner moves this fork 
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opposite to the top pulley, M". by mean* of the handle, 
at top /', which draws up the rod, m*. To thi* rod a small 
shoulder, it is fixed, which moves in a slot of the 
bracket, o', and rests at the beginning of the stretch on 
the top m*tch 9 of the serrated cnink l<4er, //, which is 
preened againstjt hy a weighted end. The slant shaft, 
in its revolutioh, at ji certain period of the stretch, 
strikes with one of its arms h\ against the top of the 
lever, p, and thus permits the risk m\ to fall into it* 
second notch, by which the fork, k', shills the strap to 
the pulley, M', under the first one. In the former 
motion, the wheel 2, was driving the twist -pulley shaft 
4; in the latter, tfie wheel 1 is driving the wheel 3; 
and in consequence of tin* different ratios of their dia- 
meters, the twist-pulley is driven with increased speed, 
which takes place, as before said, when the stretching 
is completed. After the stretch is finished, the shaft. g', 
strikes with its second arm, i\ against the lever, p\ and 
thus lets the fork, k\ fall upon the undermost pulley, 
M, which lieing a loose one. brings the machine fo 
repose. Below is a little arm. </\ upon the lever, //, 
which is connected hy a liell-erank ami a wire lying 
upon the floor, which may he drawn if any accident 
should occur during the stretching, in order to stop it, 
by letting the i*k1, m\ fall down out of the notches, and 
thereby shifting the strap to the loose pulley, M. 

At the sumo time that the twist-pulley get* it* (piick 
motion, hy shifting the strip from # the pulley M" to the 
pulley M r , the drawing rollers ar£di«**onnected from the 
machinery, and brought to rest by moving the wheel 8 
out of geer with 7, by the lever, v. The shaft, r, is 
also <lepres*ed, so as to throw' the wheel 12 out of geer 
wilh ll t and to place wheel 13 in geer wdth wheel 14, 
by which change, the rope-pulley, o, upon the mctuloza 
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shaft, p, moves the carriage during the rest of the 
course at a slow speed, to give the finishing 9tretch to 
the length of yarn already given out by the rollers, 
while it continues to receive twist 

It, plate Vl.,«fig. 2, is a balance lever, turning on a 
fulcrum, r\ furnished at the one end with two hooks, 
s' and and at the other end with two catches, which 
act upon two different pins, u'and v\ on the ends of the 
upright levers, S agd T, (seen in plate VI., fig. 2, and 
partially in fig. 1.) These upright levers swing with 
two fulcrum shafts, x' and //, in bearings fixed to the 
frame of the head-stock. To the shaft,.**', are fixed two 
curved arms, a" and //', fig. 1. The first, a”, working in 
a slot of the curved lever, and the second, b ", con- 
nected by a rod, < J ' f with the lever, i/, in which is fixed 
the bearing, x, of the niemlozu shaft, v. When the 
carriage, in its recession, make* the handpiece, w f 9 press 
on the hook, .v', of the balance-lever, the catch, it, at the 
other end of the le\ei\ is raisixl a very little, so as to 
disengage the pin of the upright-lever, S, whilst the 
longer catch of v 1 Mains its hold of the other upright 
lever, T. The bottom of the lever, S, swings back, and 
is caught against the pin, d", on the balance lever, It, 
while, by its upper arm, *i\ it moves the curved lever, 
w, and throws the wheel, 8, out of gety with 7, — thus 
setting the rollers at rest. The other arm, 6", attached 
o the lever shaft, x\ by letting down the step, jr, of the 
mendoza shaft, e, brings the wheel 13 into geer with 
14. These two motion^ take place at the commence- 
ment of the quick twisting ; and as this point varies for 
different numbers and qualities of yam (as warp and 
weft), the hook, may be shifted on the balance-lever. 
R, to its proper place of adjustment, according to the 
judgment of the spinner. After the carriage has 
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readied to nearly the end of its course, the hand-piece, 
*/, strikes upon the second hook, depresses the end of 
the balance-lever still further, by which the catch, r*, 
is lifted from the pin at the lower end of the lever, 
T. By this means, the lever is allowed to twin# with 
its axis, y\ and to depress with the curved arm, e*\ of 
tile shaft the whetrt 15, and of course the bevel-pinion 
14, which revolves oini stud lixejl to the end of that 
arm ; by w hich process the inctMjo/a shaft is now dis- 
connec ted with every motion, ami causes the carriage 
to stop, while the additional twist proceeds till the 
strap is shifted upon the lon^' steam-pulley, as above 
described. Stt ti£. 2, plate VI. 

Now the spinner's ta*k begins: he la\« hold of the 
handle, l’, and pulls its shaft, f'\ along with the hovel- 
wheel, 15, into gecr with the 1 m*v el wheel, U\ fixed 
on the upright shaft, r\ which carries at its lower end 
the band-pulley, b ' . already described. The shaft,/ 1 ', 
is sustained in its prcM’iif place bv the pressure of the 
end of the bar, g", agaiuM tin end. 'I he bar, g", 
slides up ami down in a 'tuple gflide. i", by the action 
of a weight, on a lever attached, with one end to the 
bar, ami its fulcrum on the carriage* (as shown at A", 
A*", pi. V. tig. 1.) and thereby presses with its end the 
step-bearing. of the sliaft,/'', whicli l>earing swings 
round about the fulcrum, The handle. IJ, of the 
box-organ being connected by the wheels, 15 and M>, 
with the pulleys, b' and r\ and the drtiniH, K, whicli 
drive the spindles, the spinner now turns the handle 
slowly, causing the spindle to revolve backwards 
through a few turns, by w hich means he hack* off 
the oblique coil of yarn last spun ; whilst, with bin left 
bond, he depresses tlie faller to begin the winding-on 
freon that part of the cop which has already acquired 
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the proper diameter which the middle cylindrical 
parts of the cop is to have. At the same time he 
begins to push in the carriage, and to turn the handle 
in an opposite direction, so as to wind on the yarn at 
the same rate as he approaches to the roller-beam, 
gradually lifting up the fuller so as to form a conical 
surface above. On his coming’ncar the rollers, a piece 
of iron projecting from the plank, a, of the carriage, 
strikes against the Jever, S, and replaces it in its 
catch, u f > of the balance- lever, It; while the fork, m", 
attached to the lever, S, guides and pushes the other 
upright lever, T, into its catch, r'. The mule being thus 
made ready to begin a new stretch 1 , the spinner lays 
hold of the lever-handle, /', and thereby slides up the 
rod, 7>t\ and brings the strap upon the uppermost 
Btenm-pulley M". With the rod, w', is connected an S 
arm, (plate VI., fig. 2,) which goes underneath the 
weighted end of the lever, k'\ (seen in dotted lines, 
plate V., fig. 1.) and lifting it up presses down the bar, 
g'\ ifhioh kept the bevel-wheels, 15 and If), in goer, 
whereby the shaft, f", with the wheel, 15, is allowed 
to fall down by its weight out of the teeth of the 
wheel. If). Tliu.s the handle, U, remains out of gecr 
while the carriage is in the act of stretching. 

The spinner requires much skill and dexterity : 
first, to hack off ; secondly, to wind on the yarn with- 
out breaking; and thirdly, to give the cop such a 
shape as may facilitate the winding off, either in the 
shuttle, or upon the reel. Much time is often lost by 
the spinner at the beginning of the winding-on, in the 
formation of the double cone, or foundation of the 
cop, as represented in plate V., fig. 3, which shows the 
double cone, a, H, c, first formed, on the upper part 
of which the cone is built upwards, so as to form a 
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cylindrical middle part, a> 6, <?,/. Such a cop at con* 
tains most yam in the least dimensions, is the best for 
unwinding, but it is very seldom formed with due accu- 
racy by hand. 

Front the front roller, motion is transmitted to tho 
back roller \>f each side of the mule by the usual 
carrier-wheels? a* in other spinning-machines, (see 
plate VI., fig. 2 ;) and ffom the back roller to the middle 
roller, by wheels on the right-haijd end and left-hand 
end of the roller- Want. 

In the mules, generally, and sometimes in the 
throstles, instead of covering the top rollers with flat 
board* faced with flannel, a series of loose friction 
rollers, covered with flannel, are laid in the hollow 
between the front and middle top rollers, which, re- 
volving with different velocities, gi\e an intcrnuiliate 
velocity to the loose one, which thus wipe’s or mbs off* 
any adhering fibres of cotton. 

The proprietor of one of the best fuie-spinning 
mills in Manchester infunuetl me that in good mule- 
spinning there should be no mote »t retelling than is 
indi’-jH’nsable to make the yarn level. The second 
stretch, in fine spinning, amounted formerly to 12 
inches, now it never exceeds 0. 

The crecl-tJlepR, in which the lower ends of the 
bobbin- skewed stand, V>e*tli in mule and throstle-frames, 
are minute conical cups iinule of glazed pottery, which 
cost two-pence halfj*mny per gross. 

The time taken to make a stretch and wind it on, 
increase with the fineness of tlfc yarn, and differs con- 
siderably for the same numbers in different mills, 
according to the quality of the yam, the goodness of 
the machinery, and the dexterity of the spinner. 

In one very large factory at Manchester, iu a mule 
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containing 512 spindles, which was spinning No. 30’s, 
weft, three stretchers of 56 inches each werfc made in 
68 seconds, being a stretch in rather less than 23 
seconds. Another mule in the same factory, which 
contained 340 spindles, and was spinning 40’s for warp, 
took 74 seconds for three complete stretches, being a. 
stretch in rather less than 25 second*. 

The stretcher mule of a fifie-spinning mill makes 
four stretches in 65 minutes, being one stretch in about 
16 minutes. 

In the lower counts of 34’s and 36’s, 25 hanks 
weekly per spindle may be considered a fair average 
of mules in well-going mills. 

One experienced cotton spinner informed me that 
warp is twisted to the left hand, and weft to the right. 

In one factory a tine-spinning inule made a stretch 
of yarn. No. 170’s, excellent quality, in one minute. 
In another, I found that a minute and a half was 
consumed in making similar yam. When the number 
exceeds 220's, nearly two minutes are taken to a stretch 
in some factories. 'Hfc number of breakages of threads 
is also an important object of comparison. In one 
fine-spinning njill at Manchester 1 have observed the 
number of threads which require piecing at every 
stretch to he three times as great as thejse in another 
mill spinning like numbers. The quality of the yam 
is tried by several tests. The weight which is just 
requisite to break it determines its strength ; and if this 
weight be uniform over successive lengths, the yarilfis 
of uniform strength. Its levelness is tried by*drawing 
it in a wet state between the fore- finger and thumb. It 
test in delicate hands susceptible of great precision. 
The uniformity and sufficiency of the twist, as well as 
the softness, smoothness, and firmness of the textute. 
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mint all be taken into account, and are readily aacer* 
tailed by the experienced ta/ctr in of rork in a cotton- 
milL 

The second stretch, to ijraw down and equalize the 
yarn, is seldom used in spinning the low number*, by 
which mucli time is saved. 

About 11 yeafs ago, K1 per cent, of the threads used 
to break at every st ivtch^.Jor 1 jH-r cent, are reckoned 
a large proportion now. In fuel. 'the best spinning 
mult's that 1 have observed, both in this country and in 
Alsace, seldom break more than 1 per cent, of the 
threads in each .stretch — a circumstance indicating sur- 
prising perfection in# the manufactures, if we consider 
tlie feeble cohesion of the finer yarns. 

The degrtv of twist communicated to a given length 
of yarn may he readily fount! in the throstle by com- 
paring the surface motion of the delivering rollers with 
the rotatory speed of the spindles; thti* when the 
front rollers, one inch in diameter, turn IK I linn's per 
minute, they give out 2N2J in that time, while th<* 
spindles make 5,000 revolutions ; tiu* twist communi- 
cated i-. therefore 1/ 7- 10th turn# in every inch ; hut 
in the mule the relative velocities of *he front rollers 
and the spindles are not so directly obsonJible. 

In the mule tHo <q>ccd of the spindles should never 
exceed *1,500 tuhis in the minute, lest their upper 
part may be made to oscillate and damage the yam. 
Mr. Montgomery' has given the following T able of 
Draughts, calculated for a erown nvhcel of 72 teeth, 
a back rollrr wheel of 50 teeth; and a front roller 
pinion of 18 teeth, the diameter of the front roller 
being one inch, and of the back roller 7-8tha; showing 
the draughts produced by any grist- pinion containing 
from 20 to 35 teeth. 
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Grid Pinions. 

EZ3| 

IB>I T 

Grist Pinions. 

praoght* 

* 

20 

■B 

28 

0*14 
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29 

8*82 

22 

1 


8*53 

23 
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8-25 

24 

10-66 

32 

8*00 

25 

10 24 

33 

7-n 

2 G 

9*84 

34 

7*52 

27 

9-48 

35 

7 * 31 * 


In the Scotch cotton-mills, 25 twists are allowed to 
the inch for waq>s of No. 50, and wefts of No. 60; 
from which, if a standard be taken, we may calculate 
approximately the proportional number of twists to be 
given to another number of yarn, — say 70, by the fol- 
lowing rule : — 

As 50 : 25* : : 70 : 

s* = =*875; of which the square root is 

ou 

29*6, showing on this principle that warp-yam. No. 
70, should have 29*6 twists per inch. This rule re- 
quires, however, to be modified in ite application to 
fine numbers. The following empirical rule has also 
been offered as affording a ready approximation. 
Multiply the square root of the intended number of 
hanks per pound by 3j, if for warp-yarn, and by 3J, 
if for weft-yam ; the products will be tli£ respective 
twists per inch. Thus in the above example; the 
square root of 70 is*83G6, which multiplied by 3| is 

* Theory uul Practice of Cottsm-spinaiag, p, lft* 












MOLE SPINNING. 


169 

>81^75^8^^ awTy two^isU aSm tt» quamfy 
jgh&h by the former rule. Were the square root muf* 
tlpBed by 3J, the product would give a better accord- 
ance. The former rule may, therefore, be considered 
as the more correct of the two. 

But the exaqt calculation for ’ mule spinning, or the 
elongation of a given pumber of roving in passing 
^through the drawing-rollers, and degree of twist which 
the thread receives from the spindles, may be readily 
tiuade on the following principles. Suppose the central 
t wheel on the rini to have . . .48 teeth 

Tile second conical wheel fixed on the 
upper end of*thc bevel or tumbling 

shaft 54 

The third bevel-wheel, on the lower end 
of this shaft • . . .35 

The fourth bevel-wheel, on the shaft 
joining the back rollers . . .52 

The pinion on the same shaft . .21 

The spur-wheel on the adjoining parallel 
shall driven by that pinion # . .90 

The change pinion . . . .21 

The wheel on theYndof the back rolleip, 
driven by the pinjpn . . .42 

The wheel oqthe outer cud of the back 
rollers . . . . .25 

The pinion on the outer end of the mid- 
dle rollers . . , .22 

The diameter of the back. anil of the 

seconi rollers . , \ . * i inch 

The diameter of the front rollers . . 1 

*Af)tefr a complete revolution of the rim, or great fly- 
wbeel of the mule, we shall hare the following 
VOL. II. i 
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changes of position according to the common calcula- 
tions of toothed-wheel work: — ~ =* -£;or 0*60; 
whence 1 : 060 denotes the relative velocity or move* 
ment of the rim-wheel to the front roller; that is to 
say, when die rim-wheel has made one complete 
turn, the front jroller has made only .six-tenths of a 
revolution. 

~ X or 013; whence we have the relative 

velocities of the rifn-wheel, the front roller, and the 
back roller as the three numbers -1 ; 0*60 ; 0*13, or 
100; 60; 18. 

As the diameter of the front roller is one inch, 
circumference is about 3£, or 38 twelfths ; but as it 
makes only * 0 of a turn, the movement of its circum- 
ference will be 0-0 X * = ^ or 2 2 twelfths and 
whilst the rim makes one revolution. 

The back roller being | or* 8 of an inch in diameter, 
has a circumference of about 28 twelfths; but as it 
makes only a revolution, its surface movement by 
one turn of the rirrf will be = 3 64 twelfth* of 

an inch only. Hence the 304 twelfths of roving 
taken in by the* back roller, furnish 22 twelfths and $ 
of elongated thread ; showing the draught to be 
0*20 times. Hence, if the rovyig in the creel 
furnished by the fine bobbin-and-fiy ftrume was of 
No. 8, the resulting yam upon the mule, without any 
stretching by the gain of the carriage, would be 
No, 50 ; that is the number 8 multiplied by 6*26. 

The slight draught which takes place between the 
back and middle rollers, in consequence of the differ- 
ence m the number of teeth in their respective wheels, 
eait introduce no change in the total elongation new 
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Stated; this being made mArei y at two steps, the first 
and smaller portion between the back and middle 
rollers, the second and greater between the middle and 
front rollers. 

The relative speed of the back and front rollers may 
be changed bjt substituting greater o^ smaller pinions, 
for thebxisttng change pinion previously described. 

As to the twist of tfte thread, it may be calculated 
still more readily from the following data the dia- 
meters of the groove in the rim or flv-batid groove, 
that of the twist-pulley groove, the drum-Vand grooves, 
„ljnd the wharves on the pulleys. The guide-pulleys 
merely change the direction of the motion, without 
affecting its degree. We shall, therefore, find that for 
each turn of the fly. which causes 22 twelfths and ~~ 
of an inch of thread to be delivered, the spindles will 
make with the above dimensions 68 revolutions and i. 
or 36 turns for every inch of yarn given out ; but this 
twist is only about two-t hints of what ought to be 
given, the remainder being communicated after tfce 
stretch is finished, as already described. 

The pinion on the shaft which joins together the 
front fluted rollers has 16 teeth, and drives the Men- 
doza w heel of 4K) teeth ; their relative motion is de- 
noted by J* ss b* 1H nearly, for each turn of the pinion 
shaft; but as with the front rollers it makes only 0*6 
of a turn, the Mendoza wheel will consequently make 
only 0 ■ 21 of a turn sz 0 • GO \ 0 # 1H, in the same time 
that the rim- wheel make* one (dm pie to revolution. If 
the diameter of the Mendoza pulley which takes out 
the carriage be 68 twelfths of an inch, its circumference 
will be 213 twelfths ; but as it makes only ^ of a Uarg# 

i? 



tftJLE SPINNING. 


in 

itl surface motion will be only 23 twelfth*' and 

6f an inch, exceeding by & of a twelfth the length 
or thread delivered by the front rollers. This quan- 
tity, equal to about ~ of an inch, is the elongation 
which the yam receives from the motion of the* car- 
riage, or Jthe gain upon the stretch for every revolution 
of the rim. If tile stretch be f)6 inches as 672 twelfths 
of an inch, the carriage wfil come out in about 
28 1 revolutions of the rim as and the twist will 
be completed by 14’ turns, constituting in all 50 J 
turns of twill for No. 50, at the rate of one twist per 
inch for each number. TJhe wheel which works in th$ „ 
worm cut in the boss on the, end of thP rim-shaft, 
should have therefore 50 teeth in this construction. 
The gain of the stretch, produced by the excess in the 
motion of the carriage above the surface motion of the 
front rollers upon each series of threads, will be equal 
to 50 J- x 0*611 = 31 * twelfths of an inch, or 2 inches 
7J twelfths in a mile, where no second stretch is em- 
ployed. 

- If two and a half stretches = 110 inches of yam, or 
11 foot and 8 inches, be formed per minute upon each 
spimlle, 700 feet will be made each hour, and 8,050 feet 
in 114 hours = 2,683’ yards =3^ Ijanks nearly of 
840 yards each ; aiul if each mule coitfains 360 spin- 
dles, of which a spinner works a pair, he will turn 
off 3! hanks x 720 = 2,204 hanks of 50’s, = 40 lbs. 
of yarn in the clay’s work. 

As the spinner works a pair of mules at a time, 
were the lieadstocks placed in the middle of the roller- 
beam of each mule, they would interfere with each 
Other, for which reason they arc placed each a little to 
the right of the centre, leaving the larger space to the 
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left where the spmper stands. This inequality varies* 
but is frequently in the proportion of two to three* so 
that in a mule of 360 spindles* 144 are on tho left side 
of the heed-stock, and 210 on the right. 

The follon^ng , method of computing the draught 
tyist>*t£e mule is somewhat simpler than the 
preceding* Ad tho wheel oto the rim-atiaft ha£ in many 
mules the same mantes' of teeth, namely 50, wjth that 
00 the, front roller, both may l$e left out oLview. 
Multiply the number of teeth in the driving-wheels for 
one product* and the number of teeth m the driven 
wheels for another. Divide the former number by the 
“latter, ayd $ie quotient tvilrte the relative revolutions 
of the front roller, which, multiplied by the revolutions 
of the rim per minute, will give the speed of the front 
"rollers in that time. Let there be 35 teeth in the wheel 
upon the lower jjpd of tho bevel-shaft, and 54 in that 
upon its upper end ~ = 0-648 ; and if the rim make 
90 revolutions per minute, then 90 x 0 ■ 648 ss 58 • 82 ss 
the number of revolutions of the front roller per 
minute. 

The rotation of the spindle, compared with the speed 
of the rim-band, may be thus computed. If the 
diameter of the rim be 36 inches, the groove for 
the band in 'the twist-pulley be 14 inches, and 
that of the dr&m band be 15, the whorls or wharves 
being one inch in diameter; multiply the diameter of 
the rim by that of the drum groove, and divide the 
product by the diameter of the twist-pulley groove ; 
thus, in the above case, — 38 5 — revolutions of 
the spindle for one of the rim. If this number be 
multiplied by 90 = the rotations of the rim p$r 
minute, the product 3,471 * is the revolution of the 
spindle per minute. 
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In the. second speed of the nm, its ftrajlutions may 
Wl45 per mint^e, Whence ^5 x ^8j *4.558’ turns 
okspindle pOr minute in •soeqpfi speeds* 

General E&glonation of* 

The Tolled deliver the varn, # the cartage is takei^ 
out, and The spindles are rtu^etTby mtnd*<febm ;tin 
drums to whiclfVnQjion'is giver#by the twist-pffley, M, 
as in*, hand-muje .^-See fi g?77 and 79. 

The' next motion is backing-ofl£ the«sphidIM|du((- 
06 ii a sufficfcit quantity of yarn to allow the fMer to 
descend, and carry with j^the yarn to th^gpmjT where 
it is to begin to be wound on the s$jpdle% Trn$ dflr-* . 
riage is t\\$n drawrf*in, and the spindles *r?eefel the 
yarn so distributed as to form a cop. These opera- 
tions are regulated by machinery, instead of by hand, 
OS in a common mule. 

On the rim-shaft, a, are three pulleys of equal dia- 
meter, of which one, C", runs loose on the shaft* to 
receive the strap, D, w hen out of action. O' is aftvays 
VeVblving, and worlA a leather friction-puUey to turn 
the cam shaft, b, one quarter round to perform a change * 
at four different* times during one 'complete motion of 
the mule; these' four changes are, — 1st, to put the* 
front rollers in motion to draw out ^ie carriage, to 
turn the spindles to give twist to the yarn ; 2d, to stop 
the rollers and carriage, and give an extra quantity of 
twist to the yarn if required ; 3d, to back off the 
spindles, and lower *thq faller to the point where the 
yarn should begin to* be wound on ; 4th, to draw in 
the carriage by means of a band working on a scroll, F, 

* and to turn the spindles at the required speed to re- 
ceive the yam distributed^ so as to form a cop. C is 
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turned by the strap, D, to take out the carnage, and 
give twist to the yarn, while the carriage is going out, 
and after it is stopped. 

C is then released from the strap, D, and a 
crossed strap, D', slides from the loose pulley, C", to 
C', to back dff ‘the spindles and lower the fuller. To 
draw m the carriage and wind on the yam, strap D 
slides again on tq C', aAl thereby gives motion to the 
scroll F, to the quadrant, P, whid\ Vogulates the wind- 
ing-on of the yarn, and to the faller which gradually 
rises and guides the %arn to be wound on»the spindles. 
The winding-on of the yarn is performed thus; — 
there is a drum, ordjarrel, G, connected by wheels with 
a pulley v, pkiced horizontally, ami driving the tin 
drums which give motion to the spindles, fig. 78 . To 
this barrel, G, are attached two cords or chains, one end 
of each of'which is fastened to its circumference, and 
the other end of one is fixed to a movable nut worked 
by a screw along the radius of the quadrant, P, as less 
speed is required to be given to the barrel, and thence 
to the spindles, on account of the increasing size of^he 
cop. The end of the other cord or chain is conducted 
over pulleys to the back of the mule, and to it a weight 
d", is attached, which thus pulls at the external circum- 
ference of the barrel, and causes it to revolve as fast as 
the other cord *or chain, connected with the quadrant, 
will allow. A weighted lever h ,rf , has one end resting on 
a stud fixed on the mule, and which moves in and out 
with the carfiage, the other end of the weighted lever 
hangs by a chain on the fallerS ; and as the cop gets 
larger, die spindles winding on too fast, caise, by the 
tension of the yarn, the lev$r h n ' t to descend a little, and 
press a strap against a fixed point; and as the car- 
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riage goes in it draws with it the strap, causing the 
nut, id* to go towards the circumference bf the qua- 
drant*, and let«off less cord so as to turn the barrel, o > 
fewer times during |he going in of the 4 carriage, and 
consequently the spindles |pvolvewmore slowly. 

Description of the Self-ador Mule: 

A self-actor is a igule in whISh not only the stretch 
is performed’ by the moving power, buf also the back- 
ing off, the return of the carriaglj and the winding-on 
of the yarn,— 4ne operations succeeding each other, 
without any interruption by certain disengagements of 
mechanism performed by the machine itself ^ so that 
attendants have nothing to do but to watch its move- 
ments, to piece the broken ends when the ‘carriage 
begins to leave the roller-beam, and to stop i$ when* 
ever the cop is completely formed, as indicated^by the 
bell of the counter attached to the working geer. (A 
similar counter is attached to the automatic reel, p. 214.) 

self-actinf mule of Messrs. Sharp, Roberts, 
and Co., differs from the fine spinning mule just de- 
scribed. It has its headstock advanced in the front 
of the roller-beam, near to the middle, and thus sepa- 
rates the spindles of the carriage into a right-hand 
and a left-hand series, and will serve to illustrate that 
class of mules. Fig. 77 exhibits a side view. of the 
headstock, or a cross section of the mule close to the 
headstock, with the carriage shown, in the position of 
about the half-stretch/ 

Fig. 784s a plan of the headstock, with part of. the 
adjoining rollers on the rig)|t and left hand. In this 
plan, the top part of the headstock he$ be$n removed 
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toshow the phtts underneath; hut it is shown in n a 
separate plan, fig. 79. 

Fig. 80 is a cute section of the mull, exhibiting its 
spinning parts. 

jdFig. 81 is a front view of the middle, being that 
ptitrt of the^aariage wMbh £ovcs under the headstock, 
exhibiting a few s^indl^Pon each side. 

Fig. 82 is th# frajjg 3 of the opposite side of the 
headstock, The fellow of that seen hi Fig. 77. 

Figs. 83 and 84 show a Jejy parts W the machine 
in double scale, which wiB be refeifcd to in the sequel. 

A, A, A, fig. 77, is the frame of cast iron, to which, 
on each side of the deadstock, is fixed? the roller-beam, 
B, shown Jn section. C, C\ C", are three steam- 
pulleys on a horizontal shaft, a. The pulley, C, fixed 
together with the wheels, 1 , upon a boss, and running 
loose upon the shaft. C', is fixed on the shaft ; and 
C", being of a smaller breadth, is a loose pulley. 
There are two straps, D and O', to move these pulleys 
The first drives the pulleys, C and C', together by c8- 
vjring one-half of each ; but it slfdes during a certain 
period of each working on the pulley, C, alone, and 
continues to do so till a new stretch begins. At the 
same time the s # trap, D', which moves more slowly, and 
in the contrary ^irection,|pns tor a fiqjfr seconds on the 
pulley, C', and immediately, thereafter, goet*back to its 
loose pulley, C'V^The pulley, C, which is always kept 
moving with uniform velocity, drives the apparatus by 
which 4&e motions are changod, # and brings also back 
the carriage towards 4he roller-beam, all other 

motions are stopped. The said apparatus consists of the 
cam-shaft, 6, wi|h a pulley? c, called the friction-pulley, 
which has four grooved cavities, at equal distances, ill its 

x 5 
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circumference, parallel to the axis, in any one of which 
the leather-covered pulley, d, tig. 72, may slide when 
revolving opposite to the groove. This pulley, d, is 
put in motion by wheel, 2, on its axis, driven from the 
wheel, 1, connected with the steam-pulley, C. When 
an edge of any one of the grooves of the pulley, c, by 
the action of a spring, is made to press against the 
leather-covered pulley, d, the latter will turn by fric- 
tion, the pulley, c, through a quadrantal arc, till the 
shaft, b, is arrested by a catch, which prevents the 
further action o( the spring, .und makes the pulley, d, 
run in the -concavity of the next groove. By disen- 
gaging the catch, the grooved pulley, c, ‘Will turn 
through another quadrant, and &> in succession, 
making four different motions in one completetyrctch. 
3, is a pinioj^ on the shaft, a, which drives by means 
of a carrier-wheel, 4, the wheel, 5, fixed upon the 
shaft, e ; from this sha(t motion is given to the shaft, 
f, connecting the front rollers of both sides of the 
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machine by means of the bevel-wheels, 6 and 7. On 
this shaft is also a pinion, 85 driving the wheel, 9, on 
the shaft with a jjtum, E, which draffs the carriage 
out by means of a rope, fig. 78* The rollers are 
stopped by the machine pushing*tjie bevel-w heel, 7, out 
o£%eer with/Q, drawing decoupling ends, A, from the 
pinion, 8^ making this loose on the shaft, /, and at 
the same time pushing An to geer t\je little bevel-wheel, 
10, with the wheel, ft, wlieffce the drum, E, now de- 
rives its motion. The wheel, 10, is dfiven by a strap 
going from the little pulley, ?;/, on the shaft, e, to the 
larger pulley, /, on the shaft, i, thus giving a rather 
slow motion to the # drum, E, and to the mule-carriage. 
From tlnj front roller-shaft, motion is given in the 
usual way to the back roller-shaft by carrier- wheels ; 
the carrier-shaft, /?, serving lor the rollers on both 
sides of the machine. 

F, is a twofold spiral scroll, moving with a shaft in 
bearings of the frame, A, seen in tigs. 77 and 7^. To 
the smaller diameters of the scrolls are attached ropes* 
going round the spirals, and thence they go to be fixed, 
After a few turns, the one on the drum, E. and tin* other 
on the guide-barrel, G. Two other ropes are attached to 
these two barrels, K and G, having their other ends fixed 
to two small barrels, o and j>, At the carriage, II, fig. 77, 
which ropes can be tightened by tumingTho ratchet- 
wheels tSi the axes of the barrels, which are secured 
by clicks. The ’spiral scroll, F, has nothing to do in 
the bringing out of the carriage, which is performed 
by the revolving drum, E. This, however, being dis- 
engaged by shifting the wheel, 10, ont. of geer with 11, 
the carriage stops till it is to be returned, when the 
pinion, 12, is thrown in geer with the bevel- wheel, 13, 
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iHfctch-acts updn the shaft of the scroll, P. This now 
moves, the carflag®, first frith an increasing, speed, and 
then with ft Speed decreasing, as it approaches the 
roller-beam, the drawing out ropes remaining equally 
stretched, since the enroll gives off iaone direction as 
much rope as it takes in another. TBe pinion, 12, 
is fixed upon the shaft, q ‘ 'which inconstancy revolv- 
ing, (although not shifted irf geer with 13;) being 
driven by the wheel, M, which receives its motion 
from the carrief-wheel, 15, fig. 79, fixed with 16, upon 
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the shaft, r. The wheel, 16; gets its irTotion fyjfh Jlttf 
wheel, 1, which drives also thfc frictien-flfelley, rf. 

We shall now describe the driving p&rtsrin the car- 
riage: s is an inclined shaft, standing parallel to the 
aids of the drums, K, fig. 80, froaa which the wharves 
of^the spindlhg are turned by cords. On the shaft, #, 
is the doijjde-groofcd pulley, I, from which the drums, 
K, on thfe left and right-hand sides^of the carriage, are 
driven by bands, as usual. On tke under end of the 
shaft, s , is a bevel-wheel, 17, which is shifted in geer, 
either with the bevel-wheels 18 or 19, fig. 81. The 
wheel 18 is on the same shaft with a double-band 
pulley, L (77 and $1), which is driven by an endless 
band from the pulley, M, fixed on the principal shaft, 
e, and which is called the twist-pulley. The endless 
hand comes from the twist -pulley, M,over the two guide- 
pulleys, t and it, seen in plan, fig. 78, and partly in 
77 — one end of this band going over the guide-pulley, 

N, and round the driving-pulley, L ; then back round 
the guide-pulley again, and once more over the pullet, 
L : convolutions intended to increase the friction 
between the band and pulley, so as to effect the rotation 
of the spindles. The endless band goes thereafter 
round the horizontal tightening pulley, v, and thence 
back over the # other guide-pulley, t, up to the twist- 
pulley, M* See fig. 81. 

After the backing-off is performed, the* shaft, s, is 
now shifted with ks bevel-wheel, 17, in geer with the 
wheel, 19, on whose shaft is a w.hcSl, 20, which is moved 
by another wheel, 21, fixed on the shaft of the barrel, 

O, or winding-on drum, which has grooves for leceiving 
the convolutions of a chain attached to it. The other end 
of the chain is fixed to a point, w, of the apparatus, 
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P».&£77» to be presently described. The carriage, m 
moving backv&rds to the roller-beam, causes therefore 
the drum, O, to revolve as the chain pulls it round, 
its other end being fixed at the point, w. Thus, the 
shaft, a, revolves slowly, being set in motion by means 
of the train of wheel- wbrk, 21, 20, 19,' and 17, and 
which, during the going in of the carriage, makes the 
spindles to revolve, ^nd by the depression of the faller, 
to wind on the yarn? P is a toothed quadr ant, turning 
freely on a centre, x. It has a grooved arm, y % in front 
of which is a screw, bearing on its central end a little 
bevel-wheel, 22, in geer with another, 23, turning 
with a little puljey, z , on an axis. In the groove of 
the said arm slides a nut, w, being the point to which 
the end of the above chain is attached, moving gra- 
dually to the end of the screw by turning the pulley, z, 
and consequently the bevel-wheels, 23 and 22, the 
last of which is fixed upon the screw, y. This qua- 
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drant moves through one-fourtli of a circle (luring tho 
going out of the carriage, being in geer tfith the pinion, 
24, on the shaft of tho guide-barrel G, round which 
the ropes pass which take out the carriage. There- 
after the scroll, F, moving back* the carriage with a 
varying velocity, gives, by the pinion 24, a correspond- 
ing returning morion to the said quadrant, by which 
means the nut, w, is caused also, to describe a qua- 
drant of a circle of greater or less* diameter, according 
to the point of the arm-radius, y, to which it has been 
screwed by the bevel -wheels, 22 and 23. By this 
action, the drum, O, does not turn in proportion to the 
advance of the carriage ; the point, p which the end 
of the chain of that drum is attached following tho 
motion of the carriage, in the proportion of the cosines 
of the arcs through which the quadrant, P, has turned. 
The turning of the drum, O, is thereby increased as 
the said cosines diminish, and therefore turns the 
spindle faster as the carriage approaches the roller- 
beam, the taller guiding the threads gradually upon the 
thinner diameter of the cop alftady mack*. Jn the 
beginning of building the cop, the nut, ?r, is nearest to 
the centre of the quadrant, P, and may then he consi- 
dered as a fixed point for the chain, causing therefore 
the spindles tolhirn with the .carriage during its going 
in, as represented above. During the making of the 
double-cone foundation of the cop, the nut*#, is moved 
gradually towards the extremity of tile arm, y, thus 
describing increasing quadrantitl arcs, and thereby 
causing the spindles to turn ht each stretch more 
slowly at the beginning, and more quickly towards the 
end, of the winding-on, the faller beginning the wind- 
ing-on each time at a higher point of the spindle. 



184 


SEIF-ACTOR HOLE. 



Fig, 8#.— —Frame of the opposite side of the TTeadstock to llg,77 t 
Scale, three-fourth* of an inch to the foot* 
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When the double cone is made, the winding-on, 
guided by the quadrant, P, remains constant, as the 
nut, w, does*not move any more while the faller, after 
each stretch, continues to lay on the winding from a 
higher point of the spindle. The motion to the screw, 
y, is given attach stretch in the following way : — over 
the little pulley, zt fig. 77, and over the guide-pulley, 
a f y fixed to the frame, tigs. 77 and 78, is an endless 



Fig. £3.—— Drtmlh of flu* Self j^tor. Scale, odc inch and a half to the foot. 

strap, a certain length of which is moved during the 
going back of the carriage in forming the double-cone 
foundation of the cop. b f is a lever, connected with the 
faller-arm, O', by a chain, and which when the faller 
sinks pres>os upon the said strap, and piitelies it again 
to the plate, d' (fig. 81), whereby it is fixed by the 
returning carrfcigc, and drawn along with it, till the 
faller, r\ rises 3gain, and lifts the weight of the pinch- 
ing lever, U , from the plate. After the double cone is 
made, the faller no longer descends so Jpw' as to j>er- 
mit the lever, 6', to press upon the strap, after which 
the nut, tr, is no further moved* tfutwards ; and thence- 
forth the cop continues to be built by winding on 
uniform conical surfaces of yarn upon the tops, cone, 
«> b, d , of the foundation, as shown by dotted lines in 
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plate V. fig. 3, the falter at each stretch descending 
less and less, and, consequently beginning the winding* 
on at successively higher points. 

On the carriage, figs. 80 and 81, are two shafts, ef 
and /', running the whole length of the carriage, the 
’ first of which is the faller shaft, and the second the 
counterfaller shaft, which latter is here put in front of 
the carriage. On either side If the carriage, both are 
moved by small mans attached to them, and by con- 
necting rods joined to arms, *' and k\ fixed on the 
ends of the horizontal shafts, /' and The faller 
shaft, e, is always kept up by several spiral springs 
working on arms attached to it, indess it is depressed 
during the winding-on action of the machine. On 
the counterfaller shaft, /*', are several segments, from 
which are suspended by chains, weights, »\ which are 
directly proportional to the number of threads, and 
inversely to the fineness of the yarn — (see instruc- 
tions, p.202) which serve to support the threads during 
their winding on the spindles — a point explained 
with regard to the* former hand-mule. The faller 
shafts e', t \ on each side of the machine, are depressed 



Fig. 84.— Detail* of the Self-actor. Scale, one inch and a half to Cm foot 
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and raised in the following way. On the shaft belong* 
ing to the left side of the carriage* is fixed a small 
pinion, o', which is in geer with a toothed segment,^', 
the shaft of which rests in bearings on the carriage, as 
shown in fig. 77. These parts are represented in 
double scale /figs. 83 and 84. It should be observed 
that the toothed segment, j>\ has one portion smooth, 
at whose end is a notch, V/, into wl^ich, by turning the 
segment, which is loose on its slmft, a catch, r, may 
fall. This catch is fixed upon a curved arm, a j , 
which embraces the shaft of the segment, and is thus 
permitted to move up and down with the catch, r'. 
Another curved arm* /'.turns loosely round the shaft of 
the segment, and is connected by a link to the arm, ,v\ 
and has at its end a roller, //', with which it is pressed, 
by a spiral spring, and slides, during the motions of 
the carriage, on a long rail, Q, which is fixed to the 
frame of the headstock, fig. 8*2, opposite, to that re- 
presented in fig. 77 v 

In fig. 82, this frame is shown with tin* rail, Q, ki 
dotted lines behind. This rail has two pins, a " and 
6", going through the slots in the frame piece, R, 
which rest upon two plates, c!' and called the 
^ajyer-plates, because they define the shape of the 
cop, and are connected with each other by the bar, c!\ 
The shaper-plate, d", has a nut, f f , in which a screw 
works, bearing on its end a ratchet-wheel, one or 
two teeth of which are moved by a elick from the 
carriage, at the end of each of its comings out. 
Thus the shaper-plates, c n and d", arc gradually 
shifted, and the rail, Q, at the back of the frame piece, 
R, is permitted to sink a little, so as to make the 
roller, u , (figs. 83 and 84) run lower upon its rail, Q, 



m 


SELF-ACTOft MTJLE. 


during the motions of the carriage. When the fall** 
is depressed, which is at the time when the carriage 
begins its going in, the segment, p f is turned, and the 
ehtch, r'. falling into the notch, q\ must now follow 
the action of the sliding- roller, u\ on the rail, Q. The 
segment, p\ now driving the pinion, o k , which is at* 
tached to the faller-shaft of the left side of the car- 
riage, will give to Jhat shaft & regular rising motion, 
in proportion as the carriage approaches to the roller- 
beam, by being connected to the roller, u f , which 
runs over the inclined rail, Q. The carriage having 
reached the end of its course, the arm, a', goes over a 
bar, seen in section in fig. 84; and is fixed to the 
frame, by which means the catch, r\ is lifted from its 
notch, (f (fig. 83), and the falters made to rise by the 
spiral springs attached to them. The same motion is 
transferred to the fallcr shaft, e', on the right-hand 
sido of the carriage, by the horizontal shaft, to 
which both are connected by arms and connecting 
rods. 

We have now to Explain how all these motions are 
successively produced in the machine, b , fig. 77, is the 
shaft which, by certain disengagements, is permitted 
to revolve at each of four different periods, through a 
fourth part of a circle. On this shaft are the following 
guides and execntrics : ft", the guide for the fork of the 
strap, D, which is attached to the top end of the lever ; 
i", the guide for the other strap, D', which is shifted by 
the lever, k n , fig. 79, Vo/king in the bar,/", on the end 
of which is fixed the fork for the said strap. m n is an 
excentric by which the bevel- wheel, Tk, and the coupling 
clutch. A, are shifted out of geer, whilst the wheel, 10^ 
is brought in geer with 11. The lever which carrier 
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the bearing of the shaft, i, and shift-wheel, 1 0, into gear 
with Unconnected with the lever, n'j fig. 77, working 
in the coupling, h, fig. 78, and is moved by the excen- 
tric, w", by a hook which, being subsequently lifted, 
makes also the wheel, 10, to fall out of geer with 1 ; o n 
k a finger (oem best in fig. 79), by which the quantity 
of twist is regulatedi and which keeps the shaft, b> from 
turning a fourth part df a revolution, till a notch in 
the plate, p n , allows that finger io strike through. 
The shaft is afterwards arrested in another way. 

The plate, p n , is fixed on a shaft with wheel 25, 
which is driven by a worm at the end of the principal 
shaft, a, and may be varied in diameter, according to 
the quantity of twist the yarn is to have — (see figs. 77, 
79). q" is another exccntric by which the wheel, 12, 
is shifted in geer with 13, by means of the bell-crank 
lever, r", at the end of which is the bearing of the 
shaft q . 

sf* is a plate on the shaft b, having on one end 
four pins, against which a spring presses, /", so as to 
bring the friction-pulley, c, in contact with the pulley, 
d, ancl thus to make it turn through a quadrant. On 
the other side of the sakl plate, .v", are tht>3 square 
escapement pieces, against which the end of a rod, 
presses, connected with the end of the horizontal 
balance lever, S?. By either depressing or lifting this 
lever, the rod, m", is moved from one of the catches on 
the plate, s", by which it revolves through a quadrant, 
as has been said, and is then Caught by the next 
escapement on the plate, r". 

In the going oui of the carriage, let us suppose the 
strap, D, to be driving both the pulleys, C and C', 
and the strap, EK, to be on the loose pulley, C." The 
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rollers are turned by the shaft f 5 e, and the carriage 
moved by the drum, E, getting motion by the wheel*, 
8 and 9, fig. 78. The twist is given from the pulley, 
M, driving the pulley, L ; and by means of the wheel, 
18, the wheel, 17, on the shaft, s t which is now in 
geer with it. The carriage coming near the end of 
its course, lifts a catch from a latch (see dotted lines, 
fig. 77) of the lever. S, whictf sinks, therefore, a little 
at S, and is caugHt by a second catch, which is con- 
nected by a rod, r", to a lever, T, the latter resting on 
the boss of the curved arm, ,v' (see figs. 83 and 84, 
where that lever is represented in section). 

By the falling of the end, S, of the balance lever, the 
rod, u", has moved from one of the escapements of the 
plate, ,v'\ and after the shaft, b , has made a quadran- 
tal motion, it is jjgjrestcd by the finger, o", striking 
against the plate, p n ; by this means the excentric, m n > 
on the shaft, b, has disconnected the coupling, h, 
fig. 78. The rollers are thus set at rest, while the 
•arriage moves a little longer, but very slowly, being 
driven by the shaft, i, which is put in geer by the 
wheel 10 with 11. The carriage having arrived at 
the end of its course, strikes against a rod, not seen in 
the figures, detaching the click with which, by the lever 
the wheel 10 was shifted into 1 T, thus setting at 
rest those parts which gave motion' to the carriage. 
The twisting motion, however, is continued till the 
principal shaft, a! f has turned the wheel 25 so far 
round, that the finger, o", can strike through the 
notch in the plate, p " [see upper part of fig. 77). 
The shaft, 6, goes on to revolve through a second 
quadrant, and is now caught by the rod, u", at one of 
the catches upon the plate, By this quadrantal 
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motion the straps ai 4 ® shifted ; D moves to the pulley 
C alone, and D', which goes much slower, and in an 
opposite direction, is shifted to the pulley C', which is 
fixed on the shaft of the twist-pulley, M. The latter 
is, therefore, now turning in the contrary direction, 
and giving a like motion to the spindles, thus backing 
off the coils of i he yarn from the noses of the spindles. 
Ajt the same time, howeter, a ratchet-wheel, tr", on the 
slant shaft, s' (in the carriage), turns by a click, .r", a 
plate connected with a spiral piece, y'\ to which is at- 
tached the end of a chain, which passes over the two 
guide-pulleys, z ", to an arm, a'" (seen above, FI), fixed 
upon die same shafts with the pinion, o', figs. 77 and 84. 

By the reverse motion of the shaft, s s therefore, the 
faller is depressed till a catch, r', falls in the notch, //', 
of the segment, //. After which til* taller follows the 
motion given to the roller, ?/', by its sliding on the 
rail, Q. At the time, however, that the catch falls 
into the notch, the lever, T, which had been resting 
upon the boss of the curved arm? s', falls also, ami 
takes away the catch which hath suspended the latch 
of the end. S', of the balance lever, and makes this 
end to fall a second time* alter which the rod, ?/", lets 
another detent of plate, s", escape, and causes the 
shaft, b, to r^olve through the third quadrant, by 
which the straps, D and D', are brought back to their 
former positions. Meanwhile the shaft, s, is shifted 
with its wheel 17 into geer with 19, as will presently 
be described, and the excentric, q " (fig. 77), has 
shifted the wheel 12 into geer with 13, which is fixed 
on a shaft with the scroll, F, by which the carriage is 
now returned towards the roller-beam, whilst the 
winding-on is performed by the drum, O (fig. 81), 
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turned by the chain attached tfe the nut, w, at the 
quadrant, P, fig. 77. Round the said dnu#there are 
a few. coils of a rope, which passes over the two 
pulleys, b f,t and c w (fig. 79), and suspends a weight* 
d"\ in order to keep the chain tight upon the drum, (X 
When the carriage comes home to its place near the 
roller-beam, it presses down the end, S, fig. 77, of the 
balance-beam, and makes the rod, u ,f y to fall off from the 
third escapement otfplate/', after which the shaft b turns 
through the fourth quadrant. By this motion the excen- 
tric, q f, t shifts the wheel 12, out of geer with 13, while 
the excentric, w*", sets the rollers in geer by the 
coupling-box, h, and of course also the drum, E, which 
moves out the carriage by the wheels 8 and 9. The 
bar, fitted to the frame (fig. 78) has now lifted the 
catch, r', out of the notch, */, in the segment,//, and 
thus has disengaged the faller shaft. Finally, the shaft, 
s, fig. 81 . is shifted with its wheel 17, into goer with 18, 
to give twist again to the yarn spun during the next 
stretch of the carriage. It remains only to mention 
how this shifting of the shaft, s, is performed at tho 
moment of the carriage going in and out. The step- 
bearing of the said shaft is fixed on the end of a bell- 
crank lever, e m (bottom of fig. 77), the other end of 
which is connected with an arm,/'", on a shaft, g ,fr , 
fig. 81, upon which shaft is a kind of a balance lever, 
//", i m (tig. 77), which slides when the carriage arrives 
at the two ends of its course, under rollers attached to 
the large radial weights U and V (fig. 77), which 
thus presses on that one of the arms, //"or which is 
just arrested by a detent or click, and keeps the wheel 
17 in geer with either wheel 18 or 19. When the 
carriage is drawn out, and the wheel 17 is still i& 
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geer with 18, the arm, h n \ is suspended, and remains 
so till by file falling of the lever, T, the balance-lever, 
S, makes its second fall, and disengages the click by 
which the arm A"', was suspended, but is now de- 
pressed by the radial weight, whilst the other arm, i ff \ 
is now caught # by another click. On the contrary 
when the carriage arrives near the roller-beam, at the 
same time that it depreslcs the balance-beam, S', and 
changes the motion, the click which keeps the arm, 
*"V suspended, is also disengaged, and the radinl 
weight, V, presses down the arm, whilst h is 
caught in its click, and keeps the wheel, 17, in geer 
with wheel, 18. • 

k f,t is a detent or click, in which the arm, k f , is 
caught. This is connected with the counter-faller 
shaft ; when the carriage is going out, the arm, k\ 1ms 
on its end a roller which glides at the beginning of the 
course of the carriage, over an inclined plane, X, fixed 
on the floor, and lifts tile arm, k\ to be luid hold of 
by the catch k"'. When, however, the taller become* 
depressed at the going irt of the Carriage, the finger, 
e'", attached to the arm, (fig. 74, near the left-hand 
wheel,) disengages the arm, k\ from the Catch, k nt > 
and causes the counter-faller to react against the 
tension of the tHVeads. 

William Strutt, Esq., of Derby, F.R.S., a gentle- 
man eminent for scientific knowledge and mechanical 
ingenuity, deserves to be recorded as the first contriver 
of a mule altogether automatic., fti a memoir of the 
father, his enlightened son, Edward Strutt, Esq., M.P. 
for Derby, says, “ Among his other inventions and 
improvements, we may mention a self-acting mule for 
the spinning of cotton, invented more than forty years 
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ago (before the year 1790) ; but’ we believe the in- 
ferior workmanship of that day prevented the success 
of an invention, which all the skill and improvement in 
the construction of machinery in the present day has 
barely accomplished.’* Mr. Strutt died in 1830, and 
the memoir of filial piety was published soon thereafter 
in a periodical journal. 

Sketch of the Origin, Progress, and present State 

of the Spinning Machine, termed " the Self-acting 

Mvlef by an eminent Factory Engineer. 

The invention of this now important machine may, 
in a great measure, be attributed to the injurious 
effects resulting from turn-outs, and other acts of in- 
subordination of work-people, winch have, from time 
to time, led to the invention of machinery, as a substi- 
tute for, or in reduction of, the manual labour by 
which various operations were performed. 

* In working the common r or as it is, for the sake of 
distinction, now termed, the “ hand-mule,” various per- 
sons are employed to perform different portions of the 
work ; vis., the “ spinner,” who directs the general 
operation of the machine, gives to the yarn a suitable 
degree of twist during the spinning, And, when spun, 
winds the yarn in a certain form round the spindle to 
make what is termed a u cop one or more (t pieeers” 
to join the threads which break during the spinning, 
and to remove tht # cops, wheu formed, from the 
spindles ; a “ creel-filler” to place the u rovings” from 
which (lie yarn is to be spun, in a part of the machine 
termed the t( creel and a “ cleaner,” or “ scavenger,” 
to rauMgre the waste cotton, termed “ fly,” which accu- 
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mulates during the spinning, and to clean the machine 
generally. The “ spinner" being the principal person 
of the set thus employed, and, in most instances, an 
adult; the others being subordinate to him, autl always 
young persons/or children; the set, thus arranged, 
working otie*yair of mules. 

The “ hand-Truile*’ was invented about the year 
17 ^ 0 , and from its importance in producing a peculiar 
kind of yarn, the use of it extended with great rapidity; 
and the demand thereby created for the labour of per- 
sons to work the machines, enabled the “ spinner” to 
command a much higher rate of wages than was paid 
to artisans in go nival. 

Notwithstanding this superior remuneration, the 
proprietors of cotton-mills were, for many years, sub- 
ject to great disarrangement of business, and conse- 
quent loss, from tlie frequent turn-outs and other acts 
of insubordination of the " spinners by which acts, 
not only were their assistants thrown out of employ, 
but also in respect of each " spinner,” three or four* 
other persons employed upon machines required to 
prepare the cotton prev ious to being span ; all of whom, 
in by far the greatest number of instances, were re- 
luctantly compelled to cease working, the product of 
their labour ribt being required whilst the “ spinner” 
refused to wort. 

The injurious effects resulting from these tyrannical 
proceedings on the part of the u spinners,” who, from 
their ample pecuniary resources; were able to continue 
them for long periods, naturally led to an anxious de- 
sire on the part of the proprietors of cotton-mills, that 
some means should be devised to enable them to dis- 
pense with the labour of the " spinners,” why, by their 

K 2 
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refractory conduct, inflicted so much injury on the in- 
terests of their employers, and, at the same time, 
caused so much distress to many ^>f their fellow work- 
people. * 

The attention of spinners and mechanicians being 
thus directed to the subject during the l^st twenty or 
twenty-five years, many attempts have been made in 
this and other countries to i event mechanism which 
would dispense with*, the labour of the “ spinner/’ or 
render the nude what is termed “ self-acting,” that is, 
by steam or other power, not manual, to cause the mule 
to go through the whole of its required movements to 
spin the yarn, retaining only the subordinate persons 
to piece the threads, fill the creels, clean the mule, 
&c. &c. 

Of the various attempts made to accomplish an ob- 
ject of so much importance to that great branch of 
business, cotton spinning, the inventions of the follow- 
ing parties only have been put into operation beyond 
tho purposes of experiment ; viz., Messrs. Eaton, for- 
merly of Manchester; Mr. Do Jongh, formerly of 
Warrington; Mr. Buchanan, of the Catrine works, 
Scotland; Mr. Brewster, of America; Mr. Roberts, 
a partner in the firm of Sharp, Roberts, and Co., of 
Manchester; and Mr. Knowles, of Manchester. 

Of the self-acting mules invented by Messrs. Eaton, 
ten or twelve only were put in operation in Man- 
chester, and at Wiln, in Derbyshire, and a few in 
France; but from thtir great complexity and limited 
production, the whole were soon relinquished, ’ except 
four at Wiln. 

Mr. de Jongh obtained two patents for self-acting 
mules, and put twelve of them in operation in a mill 
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at Warrington, of which he was part proprietor, but 
with an unsuccessful result, and they were consequently 
given up. 

Mr. Buchanan, it is reported, has several mules, 
partly or entirely self-acting, at work in Scotland, but 
the principle? i>f their construction has not been made 
public. 

Of Mr. Brewster’s self-acting nyilc nothing is known 
beyond the report that there ate nudes at work in 
America, of his invention, for spinning wool. 

The first approximation to a successful accomplish- 
ment of the objects in \iew was an invention of a self- 
acting mule, by Mr. Huberts, one of the principal 
points of which was, the mode of governing the wind- 
ing-on of the yarn into the form of a cop; the entire 
novelty and great ingenuity of which invention was 
universally admitted, and proved the main step to the 
final accomplishment of that object which had so long 
boon a desideratum. For that invention a patent was 
obtained in 1825, and several heaclstocks upon the* 
principle were made, which are *still working success- 
fully; but, from a combination of various causes, the 
invention was not extensively adopted. 

In 1827, M # r. Do Jongh obtained a third patent for 
a self-acting nyile ; upon which plan, with the addi- 
tion of part of Mr. Roberts's invention, which was 
found to he essential, about thirty mules were made, 
part to spin cotton, and part woollen yarn. The greater 
part of these arc continued at work, but, it is reported, 
with only a moderate degree of success. 

In ls:50, Mr. Roberts obtained a patent for the in- 
vention of certain improvements ; and, by a combina- 
tion of both his inventions, ho produced a self-acting 
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mule, which is generally admitted to have exceeded 
the most sanguine expectations* and vM ch has been 
extensively adopted. 

In 1831, Mr. Knowles, of Manchester, supported 
by the Oxford Hoad Twist Company, to whom he was 
manager, obtained a patent for a self- acting mule. On 
the enrolment of his specification!, hfiwever, it was dis- 
covered that he liad^ infringed 'both of Mr. Roberts’s 
patents. Application was consequently made to the 
(Jourt of Chancery for an injunction, which was imme- 
diately granted ; and on a motion to dissolve the in- 
junction, it was refused. Subsequently, in order to 
avoid an action at law, Mr. KnowlJs and the Oxford 
Road Twist Company consented to the injunction 
being perpetuated, with costs; when permission was 
granted by Messrs. Sharp, Roberts, and Co., for Mr. 
Knowles’s mule to be used in the mills of the Oxford 
Road Twist Company on/y, on condition of their pay- 
ing a consideration for using any part of Mr. Roberts.’s 
•intention, should they do so. 

Such is a short sketch of the origin and progress of 
self-acting mules, up to the year 1S‘50; since' that 
time, the patent mule of Messrs. Sharp, Roberts, and 
Co. has been extensively adopted, there being at the 
present time (Dec. 1834) in operation, t 4n upwards of 
60 mills, between 300,000 and 400,000 spindles, be- 
sides extensive orders in course of execution. It may 
be proper to observe, the adoption of the mechanism 
to render mules self-acting does not involve a sacrifice 
of the whole of the hand-mule, but merely that part 
of it termed the headstock, being in value about one- 
fifth of the entire mule, the self-acting mechanism 
being contained in the headstock, which is adapted to 
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be applied to the other parts of a mule, as the roller- 
carriage spindlgl are termed the body of the mule. 

In considering disadvantages resulting to the pro- 
prietors of cotton-mills from the use of self-acting 
mules, it may be stated that, although the only, or 
at any rate thij principal benefit anticipated, was the 
saving of the high wages paid to the hand “spinner,” 
and u release from the domination which he had for so 
long a period exercised over his •employers and his 
fellow work-people, it soon became manifest that other 
and very important advantages were connected with 
the use of the machine. 

The various adjutages attending the use of self- 
acting mule hcadstocks, were enumerated in a state- 
ment submitted by Messrs. Sharp, Roberts, and Co. to 
the proprietors of cotton-mills, of the principal points 
in which the following is a copy : — 

“ First, the advantages connected with spinning. 

“The saving of a * spinner’s* wages to each pair of 
mules, piccers only being required, one overlooker, 
being sufficient to manage six oi* eight pair of mules 
or upwards. 

“ The production of a greater quantity of yarn,* it! 
the ratio of 15 to 20 per cent., or upwards. 

“ The yarn* possesses a more uniform degree of 
twist, and is not liable to be strained during the spin- 
ning, or in winding-on, to form the cop; consequently 
fewer threads are broken in those processes, and the 
yarn, from having fewer piecings* is more regular. 

“ The cops are made firmer f of better shape, and 
with undeviating uniformity; and from being more 
regularly and firmly wound, contain from one-third to 
one-half more yam than cops of equal bulk w ound by 
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hand; they are consequently less liable to injury in 
packing or in carriage, and the expense of packages 
and freight (when charged by m^&urement), is consi- 
derably reduced. 

“ From the cops being more regularly and firmly 
wound, combined with their superior formation, ,the 
yarn intended for warps less frequently breaks in 
winding or reeling, consequently there is a consider- 
able saving of wastk in those processes. 

“ Secondly, the advantages connected with weaving. 

u The cops being more regularly and firmly wound, 
the yarn, 'when used as weft, seldom breaks in weav- 
ing ; and as the cops also contain* a greater quantity 
of weft, there are fewer bottoms, consequently there is 
a very material saving of waste in the process of 
weaving. 

From those combined circumstances, the quality of 
the cloth is improved, by being more free from defects, 
caused by the breakage of the warp or weft, as well as 
, the selvages being more regidar. 

u The looms can ulso be worked at greater speed, 
and, from there being fewer stoppages, a greater 
quantity of cloth may be produced. 

" That the advantages thus enumerated, as deriv- 
able from the use of self-acting mules/, have not been 
over-rated, but in many instances have been consi- 
derably exceeded, the author, by extensive personal 
inquiry and observation, has had ample opportunity of 
proving, &c. See. 

u Statement of the quantity • of yarn produced on 
Messrs. Sharp, Roberts, and Co.'s self-acting mules in 
twelve working hours, including the usual stoppages 
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connected with spinning, estimated on the average of 
upward^ of twenty mills : — 

No. of Yarn. No. of No. or Weft. 

16 . hanks . 4{. hanks per spindle. 

24 . 4J „ . 4* 

,32 . *4 „ . 4$ „ 

40 • « ,, • 4£ it 

** Of the intermediate numbers the quantities am 
proportionate. 

“ Dec. 23, 1834.*’ 

Results of trials made by Messrs. Sharp, Roberts, 
and Co., at various mills, to ascertain the comparative 
power required to work self-acting nudes, in reference 
to hand-mules, during the spinning up to the period 
of hacking oft* 

The mode adopted to make the trials was as fol- 
lows. viz. : — 

A force, indicated by weight in pounds, was applied 
to the strap working upon the driving-pulley of the 
respective mules, sufficient to maintain the motion # of 
the mule whilst spinning, which weight, being multi- 
plied by the length of strap delivered by each revolu- 
tion of the pulley, and again by the number of revo- 
lutions made J)y the pulley whilst spinning, gave the 
total force in pounds, applied to the respective mules 
whilst spinning ; for instance, suppose a mule to be 
driven by a pulley 12 inches diameter (3* 14 ft. in 
ciftumfcrence), such pulley making 58 revolutions 
during the spinning as above,, and that it required a 
force equal to 30 lbs. weight tor maintain the motion 
of the mule; then 30 lbs. x 3*14 feet circumference 
of pulley x 58 revolutions in spinning = 5,463 lbs. of 
force employed during the spinning to the period of 
backing off. k 5 
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Particulars of the trials referred to, and their re- 
sults : — 


At what Mill, and the descrip- 
tion of Mole. 

No. and 

kind of 

Vara. 

'3'S 

o if 

Si 

if 

f 

it 

e it 
« A 
s| 

u 

£ 

h 

U* o 
11 

f 

& 

Total Force 
employed in 
Spinning. 

t 

Messrs. Birley & Kirk. • 

Weft. 

Ins. 


lbs. 

lbs. 

8elf*ucting Mule, 360 gps. 

30 to 34 

m 

53 

30 

5,463 

•Hand-Mule, 180 sps. . . 

do. 

IS 

36 

26 

3,6691 






X 2 = 7,338] 

Messrs. Leech and Vandrey 

Twiat. 


* 



f Self-acting Mule, 324 sps. 

36 

12 

70 

36 

7,912 

Hand-Mules, 324 sps. . • 

36 

29 

58 

16j 

7,273 

Messrs. Duckworth & Co. 

Twist. 





Self-acting Mule, 324 sps. 

40 

12 

62 


6,421 

Hand-Mule, 324 sps. . . 

40 

47 

36 

E 

6,646 


* The trial was disadvantageous for the hand-mules, being two for 
*36t> spindles. 

f The trial was disadvantageous for the self-acting mules, being 
driven by a very short and tight vertical strap, the hand-mule having 
ajewg, horizontal strap. 

Tables and Instructions referring to Sharp, Roberts, 
and Cos Self Acting Mule , showing the Speed to 
be given to the Twist-pulley for different counts of 
Yarn ; the Wheels and Ridleys requiring to J>e 
changed in varying the count ; the mode of calcu- 
lating such changes , 4*c. 

Note, — The figures placed between parentheses, after the name of 
any part of the machine, refer to the sketch of such part, in the set 
of plates supplied to parties using the self-acting headstock. The 
letters P. L. signify the pitch line of the part referred to. 
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Twist-Pulley (No. 4.) M, figs. 77, 70. 

In the twist-pulley are five grooves, of different 
diameters, by which the speed of the spindles may be 
varied to a certain extent, without changing the strap- 
pulleys in the driving apparatus over the headstock. 

The dimensions of the intermediate double-grooved 
pulleys (No. 220 andj 223), I and L, fig. 81, which 
carry the band to communicate nation from the twist- 
pulley to the drums, are so arranged as to cause the 
revolutions of the twist-pulley and the spindles to be 
nearly in the ratio of the pitch-line diameters of the 
twist-pulley (take* at J inch more than the bottom of 
the groove,) to the pitch-line diameter of the warves of 
the spindles (taken at inch more than the bottom of 
the groove.) assuming that the face of the drum, and 
the bottom of the grooves for its band, are of equal 
diameters, or nearly so, as is generally the case ; but 
for the sake of accuracy in calculating the speed of the 
spindles, it is desirable to ascertain, by actual expvij 
ment, their relative speed with each of the five grooves 
of the twist-pulley. 

Although the speed at which it is advisable that the 
spindles of mules should revolve, depends upon, aud 
is regulated By, a variety of circumstances, yet the fol- 
lowing is submitted as a table of speeds, for various 
counts of yarn, at which self-acting mules, of moderate 
si2e, and in good condition, have been proved to work 
effec tively, when spinning frprrf rovings of medium or 
fair quality. The table also ’.exhibits the speeds at 
which the twist-pulley should revolve, so as to admit 
of all the various speeds of the spindles being pro- 
duced, by placing the band in a suitable groove of the 
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pulley. The speeds in the table being arranged for 
mules of not exceeding 300 to 340 twist, or 350 to 400 
weft spindles, for larger mules the twist-pulley should 
be speeded about 5 revolutions per minute slower, for 
about every 30 additional $vist, or 40 weft spindles. 

Note.— When it becomes requisite te increase or 
decrease the speed of the twist-pulley, tfie change is, 
in geueral, most easily effected in the fast and loose 
pulleys in the driving apparatus ; and as the speeds 
stated in the table are intended for the actual speeds, 
in calculating, au allowance should be made for the 
slipping of straps, ranging from 5 to 7i per cent. 


TABLE of Speeds of Spindles, for spinning various counts of Yarn, 
Twist, and Weft ; and the Speeds at which the Twist-pulley should 
revolve, to produce such Speeds of the Spindles. 


No. or 
Yarn. 

Snort! for 
Twist. 

Re volutions of 
Pulley. 

Speed foi 
Weft. 

Rtnolutions of 
Pulley. 

8 

3,800 

210 to 220 

2,800 

160 to 170 

10 

3,875 

* 9 

2,900 

9 9 

12 

3,950 


3,000 


14 

4,025 

9 9 

3,100 

9 f 

16 

4,100 


3,200 


18 

4.175 

230 to 240 

3,300 

190 to 200 

20 

4,250 

9 9 

3,400 


22 

4,325 


3,500 


24 

4,400 


3,600 


•26 

4,475 

9 9 

3,700 

9 9 

28 

4,550 

9 9 

3,800 

r 9 9 

30 

4,625 

9 y 

3,900 

y f 

32 

4,700 

250 to 260 

4,000 

2*20 to 230 

34 

4,775 

9 9 

4,100 

9 9 

36 ! 

4,850 

9 t 

4,200 

9 9 

38 

4,925 

9 9 

4,300 

9 f 

40 

5,000 

* > 9 

4,400 

9 9 

42 

> » 

9 9* 


9 y 

44 

9 9 

7 9 

9 t 

9 9 

46 

9 9 

99 

99 

9 9 

48 

» 9 

9 9 

> t 

9 9 

50 

J 9 

9 9 

9 9 

9 9 

52 

9 9 

9 9 

9 9 

9 9 

54 

9 > 

99 

i 9 

9 9 
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“ The foregoing table, as stated, refers to yarn of 
medium quality, and is intended only as a general 
guide, subject to certain modifications: for instance, 
for yarn spun from rovings of a low quality tho speed 
of the twist-pulley may be decreased, or the band may 
be placed on% or two grooves lower on the pulley than 
for rovings of motlium quality ; and for yarn spun 
from superior rovings, {lie band may be placed one 
groove higher than for rovings of \nedium quality; in 
either case, a suitable twist-wheel must bo used to give 
the proper quantity of twist to the yarn. In equal 
cases, as to count ami quality of yarn, when a varia- 
tion in quantity ui'mticixt only is required, it is better 
to change the twist- wheel than to remove the band 
from the groove which gives the speed best suited to 
the quality of yarn. 

The gain grin, or putting-up of the carriage. 

The going-in speed of the carriage should be adapted 
to the speed of the twist-pulley, and the size of the 
mule, which may be effected by varying the spur*- * 
wheels (No. 05 and 07.) See 1 5, and 14, fig. 51, p. 182. 


TABLE of the relative Number of Teeth in the two going-in Spur-, 
wheels (the total number being 57 teeth), to effect the putting up 
of the carriage at a suitable Speed. 



Speeds of tlie Twist Pulley. | 

No. of Splndto. In Mulo. 

Not exceed*. 
200 Rev*. 

Abo\e 200 , 
Not ex. zm 

Above 230, 
Not ex. 260 

Above 200 
Revolt ns. 


Wheel. 

Wheel 

67 

Wheel. 

65 

Wheel. Wheel. 

^7 | fa 

Wheel 

67 

Wheel. 

65 

Wheel. 

67 

Not oxceeding 340 twist, \ 
or 420 weft spiudlc*. J 

Teeth. 

* 

Teeth. 

2* 

Teeth*. 

28 

.Teeth. 

.29 

Teeth. 

27 

Teeth. 

HO 

Teeth. 

26 

Teeth 

3! 

A bow? yo twist, or 420 \ 
wvft spindles . . j 

2* 

29 

27 

- 30 

24 

SI 

23 

at 

A)>ow 420 or 4*0 ) 

weft spindles • . j 

: 27 

SO 

24 

31 

25 

32 

24 

St 
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For a variation of 20 revolutions per minute in the 
speed of the twist-pulley, a corresponding variation 
may be made in the putting-up of the carriage by an 
alteration of one tooth in each of the spur-wheels 
(No. 65 and 67.) 15 anS 14, fig. 51. 

Information required as data for odlculating the 
dhangcs which may be requires! in fhe following parts 
of a self-acting mulp ; viz., — 1 
The twist-wheel, ( No . 134.) See 25, fig. 77. 

The back-change wheel, (No. 26.) 

The rack-pinion pulley, (No. 239.) 

The shaper-wheel, (No. 159.) 

1st. — The number of yarn to be spun, and whether 
twist or weft ; and the desired diameter of the cop ? 
2d. — Tlie number of turns of twist per inch, which 
the yarn should have, specifying the proportion of 
twist to be given during the draw, and at the head ? 
3d. — How much the carriage should gain on' the 
rollers during the draw? 

4th. — The diameter of the front roller? 

5th. — The number of revolutions of the spindles for 
one of the twist-pulley, ascertained by experiment, 
with the band in the middle groove ? 

6th. — The number of teeth in the rack-pinion (No. 
237?) 

7th. — The number of teeth in the pinion (No. 23) on 
the twist-pulley shaft ? 

Tables connected with parts of the self-acting mule 
headstock, to facilitate the calculation of change- 
wheels, pulleys, &c. 
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TABLE of the Number of Revolution!* made by Rack Pinion#, of 
various Numbers of Teeth, in Stretches of various length. 



Front roller-shaft pulley (No. 82), whether for band or strap. 
Pulley for band, I\ L. diameter Inches — P. L. circumference l7’27 iu. 

Pulley for strap, P. L. diameter 5^ inches — I*. L. circumference 16 48 in. 
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Rules for calculating the Wheels and Pulleys of the 

H$&'.lstock which require to he changed , in varying 

the count and quality of the Yam . 

\st. — Twist-Wheel (No. 34). 

To find the proper twist-wheel to gjf/e to the yarn 
finy reacted number of turns of twist per inch. 

Mul^Py the number of inches in the total stretch 
or draw of the carriage by the required number of 
turns of twist per inch in the yam ; divide the product 
by the number of revolutions given to the spindles in 
one revolution of the twist-pulley, and the quotient 
will give the number of teeth for the twist-wheel. 

Example : suppose, 

The total stretch or draw of the carriage, 57 J 
inches, 

T)io required number of turns of twist per inch, 21, 

The ratio of the spindles to the twist-pullcy»l7'6 
to 1, 

Then, 57‘5 inches x 21 twist -f. 17*6 ratio =;68 
teeth in the twist-wheel. 

N.B. — The number of turns of twist per inch may 
•be increased or reduced, either by varying the number 
of teeth in the twist-wheel, or ^y placing the band in 
a different groove of the twist-pulley, or by a union of 
the two modes, as the case may require. 

The general pitch of the twist-wheel and the worm 
(No. 8), prepared for the headstock, will suffice for 
all counts of yarn from No. 10 to No. 50; but for 
higher counts than No. 50, a finer pitch will be re- 
quired, the diameter of the twist-wheel being limited. 
For lower counts than No. 10, a double worm will be 
required. 



SELF-ACTOR MULE. 


m 


2d. — Bock wange- Wheel (No. 26). 

To find the back change-wheel, that will admit of 
the required proportion of the total twist being given 
during the coming out of«the carriage, and at the 
head. 

Multiply tl te number of teeth in the pinion (No. 23), 
on the twist-pulle^ shaft, by the number of idfclutions 
of that shaft required ft> give the t proportiorrof twist 
during the coming out of the carriage; — divide the 
product by the number oft revolutions of the front 
roller in delivering the yarn, and the quotient will 
give the number of teeth for the back change-wheel. 
Example: suppose, 

1st. — The total number of turns of twist per inch, 21 ; 
proportion in the coming out of the carriage, 16, at 
the head, 5 . 

2d. — The number of teeth in the pinion on the twist- 
pdley shaft, 18. 

3d. — The revolutions of the twist-pulley shaft during 
the coming out of the carriage, 52 ; vit., the tot4l* 
revolutions of the shaft equal the number of teeth 
in the twist-whfcd, say 58 ; andas 21 total twist : 16 
required in coming out : : 68 t<Hal revolutions : 52* 
revolutions of the shaft in coming out. , 

4th.— -The delivery of yarn 54 inches; the diameter of 
the front rollers 1 inch = circumference 3*14 inches; 
54 inches 4 - 3*14 = 17 22 revolutions of rollers in 
delivery. 

Then, 18 back pinion x 52 revolutions of twist-pulley 
shaft -f- 17*22 revolutions of rollers = 54 teeth in 
the back change- wheel. 

N.B. — By increasing or reducing the number of 
teeth in the back change-wheel, a greater or less pro- 
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portion of the total twist is given during the coming 
out of the carriage. 

3 d. — Rack-Pinion Pulley (No. 239). 

To find the diameter of the rack-pinion pulley which 
will produce the required gain of the carriage upon 
the rollers during the coming ^ut oftthe carriage. 

Multiply tlie P. L. circumference of the front roller- 
shaft pulley (No. 8z) by the number of revolutions of 
that pulley during tjie delivery of the rollers; to the 
product add the length, in inches, of the total stretch ; 
then divide the sum by the number of revolutions of 
the rack-pinion during the total stretch, and the quo- 
tient will give the P. L. circumference of the rack- 
pinion pulley, from which the P. L. diameter may be 
found. 

Example : suppose, 

Hie total stretch 57^ inches. 

Tlie gain of the carriage 3^ inches. 

' Hie diameter of the front roller 1 inch = circum- 
ference 3* 14 inches. 

Hie P. L. diameter of the front roller-shaft pulley 
inches = P. L. circumference 17 27 inches. 
Hie number of teeth in the rack-pinion 18; ad- 
vance on the rack in one revolution* 3*72 inches. 
1st. — 57' 5 inches stretch — 3 J inches gain of car- 
riage = 54 inches delivery of rollers -4- 3*14 inches 
circumference of rollers = 1 7*22 revolutions of front 
roller-shaft pulley. • 

2d. — 57*5 inches stretch 3*72 inches advance of 
rack-pinion in one revolution = 15*45 revolutions of 
pinion in stretch. 

Then 17*27 P. L. circumference of pulley x 17.22 
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its revolutions + 57*5 inches stretch = 354*88 
inches 15*45 revolutions of pinion zs 22*96 incites 
P. L. circumference -f. 3*14 = 7*3 inches P. 1^. 
diameter of rack-pinion pulley. 

N.B. — In order that the diameter of the rack- 
pinion pulleys should not vary more than 1 inch, viz., 
from f>£ to 7 i inches, the # number of teeth incite rack- 
pinion requires to be varied, according to the diameter 
of the front roller. The following scale will he a suit- 
able one to produce any gaiji of the carriage upon 
the rollers, not exceeding f» inches, viz. : — 

For Hollers { or \ J in. diameter, a Pinion of 1 7 Teeth . 

» 1 or J -J- 9t ft 18 „ 

»» 1 i or \ jj j» >j 1«1 » 

„ H „ ,< 20 „ 

It may occasionally save calculation to note, that a 
reduel ion of J inch in the diameter of the rack-pinion 
pulley, increases the gain of the carriage about 1 inch ; 
and an increase of i inch decreases the gain in a 
similar degree. 

4 th. — Sit a per- 1 V heel (No. 159). 

The number of teeth in the shaper- wheel will 
nearly correspond with the count of the yarn, to make 
a twist-cop of 1 J inch diameter, or a weft-cop of 1 
inch diameter (care being taken to use the proper 
copping-plates.) 

To make a cop of greater diameter, use u wheel 
with a greater number of teeth ; and to make one of 
less diameter, use a w heel w ith a less number of tedh. 
It may also be observed, that in counts of yarn below 
No. 24, it will be convenient to have a wheel which 
will admit of two, and in some cases three teeth being 
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talten at once, by which means a more minute in- 
crease or decrease in the diameter of the eop may be 



5 th. — Counter- Fallen' Weight (No. 272). 

The quantum of weight to be applied to the 
counter-faller will depend on the pumoer of spindles 
in the mule, the count and' description of the yarn, 
and the degree of jiardness of cop which the yarn will 
admit of, without injury to the quality. 

As a general guide, however, fuller weights may be 
used as follows, viz. : 

On twist-mules, for every 100 spindles, 12 to 16 lbs. 

Oft welt-mules, for every 100 spindles, y to 12 „ 
Low counts, of course, admitting of greater weight 
than fine counts. In cases where the relieving lever- 
weight (No. 285) is introduced, which, whilst the 
yarn is backed otV, .and the fuller depressed, is caused 
not to act upon the counter-faller, but when those 
motions are performed, is caused to act upon it, 
during the winding-on of the yarn, by resting on a 
catch (No. 288) connected with one of the counter-faller 
coupling-links (No. 250) and the counter-faller arm 
(No. 271); — the proportion of weight so applied, 
should be from two-fifths to three-nevenths of the 
total weight acting upon the counter-faller; the re- 
maining three -fifths, or four -sevenths, being suspended 
from the arm (No. 273) on the counter-faller shaft. 

Not*. — Iu the foregoing calculations with which a V grooved 
pulley is connected, the pit-h tine diameter is assumed at £ iuch more 
than the diameter at th* bottom of the groove . In cases, therefore, 
where fc baud of such tire may be used, as to cause the pitch line 
diameter to be greater or less than is assumed, there will be a cor- 
responding variation between the calculated and the actual result, 
which miist be allowed for. 
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, Tht grinding of mule-spindles is performed up&n 
an ordinary large grindstone, turning into a vertical 
plane, against the edge of which the spindle is pressed 
by a long cross-lever, carrying a wooden roller on if! 
middle, which is made to bear against the side of the 
spindle, held tangentially to the face of the grindstone. 

After having bean forced at the anvil, the mulc- 
spindles a*? hammered straight on a flat table of iron, 
and proved by suspending each holizontally between 
two points, and turning them round at a small dis- 
tance from the table. The spindles are then ground 
and polished. They are finally pointed upon another 
grindstone. 

° #■ 

For mule-spindles, both a coarse and a polishing 

grindstone are employed. 

The spindles of bobbin-and-fly frames are turned on 
a lathe at the ends, and afterwards fixed to their 
flyers bv a cross-pin. 

The throstle-spindles, however, are screwed to the 
ily by a few threads formed at their points. 

The flys of the throstles arc polished by mutual 
attrition in a revolving barrel, containing shreds of 
leather — a process which occupies two or three days. 

Spindles are tempered by being heated red hot in 
bundles of f> doz&n, or thereby, and then dipped per- 
pendicularly into*a stratum of water, only half an inch 
deep ; the object being to harden merely their tips. 

Mr. Whitworth, an eminent machine maker, in 
Manchester, obtained a patent in April, 1835, for cer- 
tain modifications of the self-act6^ mule, in which he 
specifies several ingenious devices. The mechanism 
is designed, first, to traverse the carriage in and out 
by means of screws or worm-shafts, which are placed 
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s#as to* keep the carriage parallel to the drawing- 
rollers, and supersede squaring bands; secondly, to 
afford an improved manner of working the drums of a 
JElf-acting mule by geer; thirdly, better means of 
effecting the backing off; fourthly, a now mechanism 
for working the faller-wire in building the cops ; and 
fifthly, an apparatus for winding «the yarn on to the 
spindles. His mule is constiucted upon the box-organ 
principle represented in plate V. For further details 
of this ingenious machine, we must refer our readers 
to the specification in “ Newtons London Journal/ 
for March, 1836, page 1. 


SECTION IV. 

Reeling into Ilauks and Counting. 

The automatic reel employed for winding the yarn 
into measured lengths, called hanks, from the bobbins 
of the throstle or the cops of the mule, in order to pre- 
•pare it for the general market, is a beautiful mechan- 
ism, as constructed* in a modem cotton-mill. 

The cops made on the mule being light and easily 
transported are not always reeled off, if they be des- 
tined for the shuttle, or the doubling-mill. But if 
their yam l>e of the warp quality, it: must be wound 
upon large bobbins suited to the warping-mill. These 
bobbins are filled with cop or throstle yarn, by being 
laid horizontally upon revolving carrier-pulleys or 
barrels, so that they may turn by mere friction, and 
wind on the thread .from the cops or small bobbins set 
upright on skewers in an adjoining shelf or creel. 

The machine represented in figs. 79 and 80 is em- 
ployed for winding yam or threads from bobbins into 
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regular hanks, 840 yards in length. It consists— lot, 
of a hexagon reel, one yard and a half in circumfer- 
ence ; 2d, of a carriage, upon which the spindles or 
skewers are mounted that bear the bobbins. r Hiis 
carriage has a slow traverse motion parallel to the axis 
of the reel, f^r the proper distribution of the thread 
upon its surface. • 3d, of the frame-work upon which 
the carriage traverses ; Jml 4th, of the driving-goer or 
mechanism. 

Fig. 79 is an end view, and fig. 80 a front view ; the 
middle portion of the machine having been loll out in 
the drawing, as being merely a repetition of the same 
parts. A A are two end iron framings, connected by 
two wooden cross-rails, «. B is the reel, consisting of 
six horizontal lathes or spars, made fast to arms which 




Fig. W.— Automatic Reel, for winding and counting hank*. End view, 

8caic, Uttec-taurtli* of an Inch to tb« toot- 
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pass through the central wooden ^Jiaft b, fig. 80. ^The 
arm z of one of the six lathes is made of two pieces 
connected by a hinge-joint, round which this lath may 
bolfamed, to loosen the hank-coils, in order to remove 
them from the reel. During the winding, the arm is 
kept extended in a straight line bv wire-hooks catch* 
ing in eyes. 



^ flf , I#.— »AutaMtif Bra)» Front View. Scale.thnelbicthcaf aalnefa to thi tnt. 
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Uf>on the other etid of the machine, to that repre- 
sented in fig. 79, a pulley, C, is fixed, upon the pro- 
longed axis of the wooden shaft, b, exterior to the 
frame. This pulley is driven by a strap from the 
pulley D, upon a short iron shaft, which is either 
moved by thfc hand applied to the winch-handle d 
(fig. 80), or by a strap from the mill-shaft, passing 
over the usual outrigger fast and| loose pulleys at E. 
e is the forked bar to serve as a guide to the strap. 
The attendant may move it when he pleases, by means 
of a horizontal geering-rod, f which extends along the 
front of the machine, to give him the facility oC acting 
on the straps at whatever point lie may happen to be. 
If a thread chance to break, he shifts his rod to the 
left hand and stops the machine, by throwing the 
strap outwards upon the loose pulley. 

Upon the other end of the central iron axis of tjio 
wooden shaft, 6, there is a worm-screw, g, which drives 
the wheel, 1. In the circumference of this wheel there 
is a sUid or pin, c, which, after each revolution of the 
reel, strikes against a bell-spring, h , and produces a 
j&rriag sound, announcing to the tenter that a certain 
measure of ^arn is completed in the winding. At the 
right-hand end of the shaft ,*, of the wheel, 1, is a small 
pinion, 2, drivii^ the wheel, 3, to which a spiral plate, 
k, is fixed, which works against an iron bar, /, attached 
to the carriage that bears thlfc bobbins. F F is the 
carriage wljjch traverses upon rollers m, attached to 
the wooden-stretcher rails, a,* q. Another roller, n , 
serves for putting a band over, which is fixed to the 
carriagdf and suspends a weight for keeping the car- 
riage iir contact with the spiral plate, k. 

a represents (fig. 79) the top bearing, and p the 
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uftcter or step-bearing ,of the sfindles. Theal are 
generally old ones removed from the mules, q are the 
bobbins made fast by pressure upon their respective 
spindles with which they revolve. In fig. 80, three 
bobbins are seen in their places, the other spindles are 
bare, r, is a wooden bar fixed upon the carriage, bear- 
ing glass hooks, s f at its top, for guiding the thread 
from the bobbins to the reel. 4 
t t is a ring at tne end of a cord,*?* (fig. 80), sus- 
pended from a pulley at the ceiling; the other end of 
the cord goes over a second pulley, at a convenient 
place in the apartment for hanging on a counter- 
weight. 

As soon as the winding on of the hanks is com- 
pleted, and they have been separately tied round with 
a string to separate and distinguish them, the hooks 
which keep the arm z, of the reel extended are loosened, 
the lathe, or rod, is turned inwards, all the hanks are 
9 lid by hand towards the worm-screw end of the reel, 
which is then lifted up out of its bearings. The tenter 
(a young woman) pulls down the rope, */ , and sftps the 
ring t , upon the hook, r, attached to the woodejiahaft 
of the reel, which will thus continue susperffed above its 
bearing at the full end, till the hanks are taken" off#t. 
The reel is now lowered, the ring, t , is unhooked^while 
the counter- weight at the other end of the corcfflfts it 
to a suitable height out^f the way of the machinst as 
shown in the figure. "The arms, z, at each eni^>f the 
reel are then made straight, and secured^n that posi- 
tion by their hooks. The winding of a fresh series of 
hanks once more begins, and thc*spiral plate,*, by the 
rod, /, again makes the carriage traverse gra^g&Uf in 
a direction parallel to the axis of the reel • 
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3% reel strikes a* check after every 80 revolutions. 
These 80 revolutions form a ley or rap 120 yards 
long ; ^and seven of them make up a hank, equal to 
840 yards, or a little less than half a mile. Tlie size 
of yam is ascertained by weighing the hanks in a 
kind of balance, called a quadrant, and each size is 
put up separately* in bundles of five or ten pounds 
weight. The cubical packages formed in the bun- 
dling-press, are \yrapped neatly in jfeper, and thus sent 
into the market. 


SECTION V. 

The Singeing or Gassing of Yarn. 

The fine cotton yarns which are used for making 
bobbin-net lace-thread, and for the hosiery trade, are 
generally subjected, first of all, to a singeing process 
by the flame of coal-gas, in a peculiar machine, to 
free them from their loose, divergent fibres, whereby 
they not only acquire a more level or compact appeal** 
an?e,i|)ut are raised to a higher number by the 
diilvjpution of their weight per hank. I 11 this way 
yarn of Noj^O will become No. 95. 

# The machine for this purpose may be said to consist 
of a series of ga$ jet-flames, through every one of which 
a thrlkd is made'to traverse several times, with a velocity 
coqpesponding to the quality the yam. The motion 
is given, by the revolutions of winding and unwinding 
bobbins, tutHing from 2,500 to 3,500 times per minute. 
After singeing, the yam is either reeled into hanks 
from tha bobMns, or*eent to the doubling-mill. 

* Tbe^ginding process in the gassing machine will 
serve to illustrate the manner in which yam is wound 

l 2 
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frpm the smaller bobbins of a throstle-frame upon the 
larger Robbins of a warping-mill, with the addition, of 
a, contrivance for arresting the mechanism whenever a 
knot or foul point occurs in the thread* This modifi- 
cation is introduced in the gassing apparatus to pre- 
vent the flame from burning the thread,when its rapid 
'movement is thus stopped. The gas flamens, by this 
curious contrivance, suddenly turned aside, while tjie 
bobbin is at the sar&e time lifted off* ttye rotating barrel 
vflhicli turns it by friction, and is left at rest till the 
tenter female has had leisure to draw the knot 
through the slit, or to mend the defect. She pow 
presses the bobbin down upon the- carrier-barrel again, 
and restored the gas flame to its proper position under 
the running line of the yarn. 

Fig. 81, presents an end view of an excellent 
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gassihg machine, frbm which it will be seen to consist 
of two similar sides, or to be double. 

Fig. 82 is^a front view, showing a portion of the 
machine towards both ends ; the middle, being a mere 
repetition of the parts here represented, has been left 
out 

Fig. 83 Is a cross section of one-half of the ma- 
chine, or of one of the tVo working sides, drawn to a 
double scale, in order to exhibit more clearly the n^|- 
chanism for unwinding and winding one bobbin. 

The gassing machine consists of two end frames, 
A, A, figs. 81 and 82, and if very long, it has a similar 
sustaining frame in* the middle also. These frames 
are connected by four wooden rails stretching across 
the top, shown in section at a and b , fig. 83; and 
two other beams, c, lower down upon the sides of the 
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frame, fig. 82. B is a horizontal shaft driven from 
the t|pi-shafts under the ceiling of the apartment Jby 
the visual strap going over the outrigger^jpst and loose 
pulleys (not shown here). Upon each end of that 
shaft, B, is a threefold pulley, C, each connected by a 
strap with a similar pulley, D, fix&l upon one of the 
horizontal shafts, E, E, which extends ihe whole 
length of the macjiine. Upon these shafts, on each 
sjjje of the machine, sets of cylinders or pulleys, P, P, 
are made fast, which drive the winding-on bobbfhs 
laid upon them by the friction of contact with their 
surfaces. To these bobbins a different, velocity may 
bo imparted, according to the diameter of the pulley- 
groove in C anil D, to which the cord or strap is 
applied. 

G G are the bobbins ; some of them resting upon 
their carrier-cylinders, F, in fig. 82, and some of them 



Fig. «.— ■ -Thread Singeing Machine. Cleaning and Tricket Mechanism. 
Scale, one inch and a half to the foot 
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suspended by being thrown out of geer, as when a 
knot arrests the motion of the thread. ^ 

Upon th^end of the shafts, E, opposite w that 
where their™riving-pulley, D, is fixed, is a worm- 
screw, d, fig. 82, which works into a wheel, c. With 
this wheel a Jieart- wheel, /, is connected, which re- 
volves with the o tiler upon the* same stud, projecting 
from the frame. The Jieart-wheel presses against a 
roller attached to tile lever, g, A hose upper end is 
connected with the guide bar, h> figs. 82 and 83. *A 
weight, i, appended to a band hanging over a little 
roller, k, fig. 82, serves to keep the bar, h, in contact 
with the heart-wheal, while the bar is shifted by the 
motion, of the wheel, with the effect of guiding the 
thread from one end of the bobbins, 0, G, to the 
other, during their rotation upon their carrier-cylin- 
ders, F, F. 

The proper singeing mechanism is best seen in 
fig. 83. a and b are the stretcher- rails connecting 
the two end-frames of the machine, and forming*^ 
kind of a table ; the space between them being filled 
with a piece of sheet-iron perforated with slits, for the 
passage of the gas tubes, /. These several upright- 
tubes are connected by joints, m, with a small stop- 
cock, 7i, screwed into the two horizontal main gas- 
pipes, o, o, which extend through the whole length of the 
machine, and' terminate in the larger gas-pi pe of the 
factory. H is a small frame, in which are fixed top 
and under step-bearings of a JinV of spindles, equal in 
number to that of the \vindin # g-on bobbins of both 
sides of the^ machine. Upon these spindles the bob- 
bins, I, are set. From these the yam is wound off. 
p is a bar furnished with glass pegs or pins, for the 
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pfcrpioefc o^gii^tog; M threads <?om one-half the 
numlttL or%irifflei to each side of the machine, q 
And fQpre two small rollers, over which the^ yanjf is 
guided to and fro in its passage through* the fltfroe 
of the gas jets from /; and they may beH^d higher 
or lower in their respective slot bearings, so as to 
place the yarn in the most suitable part of the flame. 

The yam unwound from t$e bobbin, I, is guided 
round the glass pin! of the bar, p, it passes through a 
narrow slit, or cleaner in the lever, z, (to be presently 
described,) under the one roller, q, oV$r*the other 
roller, r/, down to the guide aperture, r, of the guide 
bar. A glass rod which is fixed .to the edge of this 
bar, prevents its friction upon the wood. 

Tlie yarn which passes through the aperture, r, is 
thereby guided in the proper direction for distributing 
itself equably ovof the winding-on bobbins. These 
bobbins revolve upon a stud projecting from the end 
of a single armed lever, s, which moves freely upon 
.the fuh rum, /. When the end, v, of the lever, u, ?/, 
is depressed, the bobblfts, G, come to bear upon the 
rotating carrier-pulleys, F. But when the end, r, is 
raised, it lifts the bobbins, as if by a hand, out of 
contact with the said driving-cylinders. The long 
lover, ii, w, moves about the same fulcri.m, t y with die 
bobbin lever-arm, s, being bent in shell a way that 
when its handle, r, is lifted, it catches binder, ,?,*&nd 
lifts it also. In a slot of the lever, v y one arm of the 
bell-crank lever, r, plays. This bent lever has its 
fulcrum at its other arm is upright, and embraces 
with its fork end, y, the gas-tube, /. z z is an upright 
very light lever, having at its upper end a fine slit, 
through which the thread passes, and at its under end 
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ajiotcty of* % J^ywg Kold »(ub^^ "pccasion)^f the 
stud-poii^i'. This stud projects ti$\ the believer, 
u, near to its end. 

L is A board or bench, extending the whole length 
of the miehtne ; and upon it the stud-end of the lever, 
w, rests, unless when the stud b, is laid hold of and 
lifted by the flotclj, o', of the lever, z, z. 

d f is a tube of sheift-iron, serving as a chimney 
over the gas flame, to prevent ilsl flickering by cross 
^jfUtights of air. 

Su pposonow the yarn of the bobbins, I, to be at- 
tached to the barrels of the bobbins, G, as shown in 
fig. 83. The atteydant. female depresses with her 
finger the handle, r, of the lover, ?/, and thereby raises 
its othlfr and heavier end till its stud, b ', entering into 
the notch, a', keeps it suspended in that position; 
whereby the bobbin, G, is allowed Ho press upon the 
rotating pulley, F, by its cwn weight and that of its 
lover, s. The bobbin immediately begins to revolve, 
and to wind on yarn, whilst the hell-crank, tr, moved* 
by the oblong slot of the 5wr, u, sets the gas- 
tube m the position proper for applying the flame to 
the thread in its passage between the rollers, q and q\ 
figs. 81, and 83. Should a knot or rough point of the 
thread present* itself, too large to pass through the 
cleaner-slit in the top of the lever, z , it will give by its 
swift|piotion a^t witch to the lever, and turn it so as to 
release or unlock the notch in its under arm, from the 
stud, 6, of the lever, w, ?/, and thus let, the heavy end 
of this lever fall down upon the bench, L. By this 
movement the under short arm *6f the bell-crank, w , 
gets also a twitch from the slot in it, and this in its 
turu shifts the gas-tube, l, aside by the simultaneous 
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motion of the forked end, y of tc. Meanwhile the 
aria, Jk of lever, it, being raised, lifts the level 4 ;’*, 
alongffpth the bobbin, G, supported by the horizontal 
Muds at its end. By these combined act ions (all pro- 
ceeding from the trigger jerk given to z, by the knot 
in the thread) the whole mechanism for singeing and 
winding that thread is thrown out of gef*r, or rendered 
inoperative. 

The tenter, who js paid acuurding to the quantity 
and goodness of her work, in casting her eye over the 
machine, sees at a glance the bobbins which are re- 
posing above the line of their star-pulleys, F', and 
having corrected the defects in the threads, sets them 
immediately in train with the machinery, merely by 
depressing the handle, v, which once more jthts the 
trigger apparatus at the other end of the lever, n, in 
gcer with the general driving-shaft, as above de- 
scribed. 


SECTION VI. 

n 

Doubling and Twiiting of Yarn ; or the Thread Manufacture. 

Cotton yarns are formed into different kinds of 
thread, according to the purpose which it is to serve. 
Thus we have, bobbin-net, lace-thread, stocking- 
thread, sewing-thread, &c. Two or more single yarns 
laid parallel and twisted together, eoqptitute thread. 
Lace-thread is made always from the finest uumbers 
of yarn, from No. 140 to No. 350. It consists of4wo 
threads twisted together by means of an appropriate 
machine, presently to be described. The manufacture 
of sewing-thread differs in nothing from the preceding, 
except that usually three or more single yarns are 
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here twisted together into one. Stocking-thread is 
made of more or fewer yams, according to the object 
of the manufacturer. All good thread ^ ld . 
gassed before it is taken to the doubling and twisting- 
mill. 

This operation is improved by passing the yarns, 
immediately % before being doubled and twisted, 
through a trough containing a weak solution of 
starch, which promoted the compactness, strength and 
smoothness of the thread. The twist is usually given 
to the doubled yarns in an opposite direction to the 
twist of the individual yarn's in the spinning ma- 
chines. It is effected by spindles and flys, like those 
of the common tlfrostle. The doubling-machine is 
provided with one pair of rollers, similar to the 
drawing-rollers of the throstle, but larger in dimen- 
sion,£for the purpose of delivering the yarns at a mea- 
sured rate to the twisting-spindles, to ensure sutlicient 
tension and time for equable and proper torsion. 

The thread is wound upon bobbins, revolving round 
spindles, upon the friction principle of the throstfe- 
franie. 

The bobbins rub by their under disc-end upon the 
copping-rail, and receive from it, by means of a heart- 
wheel, the usual traverse motion, up and down, for the 
equable distribution of the thread over their barrels. 

The maclgne represented in the figs. 84, 85, mid 
8G, is constructed for doubling fine yarn into lace- 
thcead from the mule-spindle cops. 

To adapt it for doubling *tbc yarn from throstle- 
bobbins, nothing is necessary b(tt to erect a frame for 
carrying thg spindles upon which these bobbins would 
be set, in the place of the creel and skewers of the 
present machine. 
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Fig. 84 is the view of that end of the machine to 
which the motion is communicated from the mill- 
shaft. 2 * 

Fig. 85 is one of the front views, which are similar 
on both faces, the machine being double, like the 
throstle-frame. 

Fig. 80 exhibits a part of a transverse section, 
being an analysis of the apparatus subservient to one 
spindle. It is draw^i upon dtmble the scale of the 
other two figures. 



Fif. M,— Doubling and Twitting Frame. End view. Scale, one inch to the. foot 
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A A arfc the two cast-iron end frames, connected 
at thei/ tops by two beams, B, B ; and upon each side 
by two other beams, C and D, for the purpose of car- 
rying the bearings of the spindles. 

E is the creel upon whicli the cops are set up in two 
parallel rows, one upon eacli side or face of the 
machine, the tjumber of which cops (or bobbins) must 
be double, triple,* &c... the number of the twisting 
spindles,^ i. 

F F are two troughs filled witl# water, or very thin 
starch paste, through which the yarns are made to pass 
under a glass rod, a, in which arc concentric grooves, to 
keep tlie yarns in one line of traction. G G are two 
sets of rollers, consisting of smooth iron under rollers, b, 
and light wooden top rollers, c\ each set revolving by 
its iron axis in slot bearings, d , which arc screwed 
upon the bearings, c , of the under roller. The upper 
rollers traverse, and consist of as many different ones as 
there are threads; each of them being held upon the 
under roller by tops sliding in vertical slots. 

^JThis pair of rollers serves, as we have said, to drawt 
the yarn from the cops (or thn*»tle bobbins) through 
the trough F, and over its rounded edge, which is 
covered with flaunei for the purpose of wiping the. 
superfluous moisture from the yarn, and delivering it 
in two parallel lines to the spindles, which twist them 
together as they proceed from the roller, G. 

Figure 85 shows the thread first passing beneath the 
under-roller, b, then round about it, and over the roller, 
c, down to the fly of the spindle//, #. 

II II are the spindle-stems^ having their upper 
brasses or collars, g, fixed in the beam, C, and their 
under step-bushes, h, in the beam D. i i arc the flies. 
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and k the wharves or pulleys tjpon the spindles, for 
making these revolve by straps. I I are the bobbins* 
which rest upon the copping-rail, K, K, and are 
moved up and down with it. / is a smooth wire, for 
the yarn to glide over. It is fixed to a rail or board, 
m, extending the whole length of the machine, n n 
are wire eyelets, through which the yarn passes in its 
way to get twisted underneath by the spindles. 

is a large tin drum, which imparts motion 
to the spindles by bands or strapl ; one band passing 
round the wharves of four spindles, two upon each side 
of the machine. These bands are kept in proper tension 
by the tightening pulleys, M, M. These pulleys rest 
with their axes updn the extremities of the arms o, of 
bell-crank levers, whose other extremities (figs. 84 arfd 
85 at bottom) suspend weights, O, attached to a curved 
plate, p, fixed to their points. The straps of the tin- 
plate drum, or cylinder, L, go first round the wharves 
of tw'o spindles upon the right-hand side, thence round 
two upon the left-hand side, and thereafter over the 
tightening pulley, M, to the drum, L, as plainly shown 
by dotted lines in fig. 84. 

The train of motions in this machine may be easily 
traced upon the shaft, P, of the tin-plate drum, L. Ex^ 
terior to the frame- work at the end, are the usual out- 
rigger fast a*ul loose pulleys, Q, for driving the 
machine. The other end of the shaft, P, (fig. 85), 
bears the pinion, 1, which drives the wheel, 2, and 
thereby a pinion, 3, turning loose with the latter upon 
a stud. The pinion, 3, drives a carrier-wheel, 4, 
whence the motion is given to the wheel, 5, upon the 
iron roller^haft. The wheel, 4, by another similar 
carrier-wheel, drives a similar wheel upon the iron 
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Fig, 33,— — Doubling anti Tw istong Frame. Details of Spindle Mechanism. 
beak, too inches to the loot. 
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roller-shaft of the other side (tlife latter cannot be seen 
in the view, fig. 85.) 

Upon the end of the machine represented in fig. 84, 
a pinion, 6, is attached to the one roller, which drives 
the wheel, 7, and by a pinion, 8, on the same axis, 
also the whee}, 9, fixed upon the horizontal shaft that 
extends the whole length of the machine, for carrying 
several heart- wheels, such as a, q. Each of these 

wheels act^upon two rollers, r, r, attached to the ends 
of the one set of arms of the curved levers, s , a\ The 
other arms of these levers are connected with the cop- 
ping-rails, K, K, by the links, /, /, on each side of tho 
machine, fixed to tilt- rods ?/, which are screwed into 
the said copping-rail, and slide in the beams, C aifd D, 
fig. 85. In this way the copping-rail is made to rise 
and fall alternately, as the revolving heart-wheels, </,</, 
depress or elevate the arms of tile levers .r, ,r. 

In the thread machine there are three distinct simul- 
taneous movements; 1. That of the rollers, or, more 
properly speaking, the under rollers, for the upper arft* 
carried round merely by the friefion of the former; 
*2. That of the spindles ; and 3. The traverse or up- 
and-down motion of the bobbins. * 

The twist of the thread ought to be proportional to 

its fineness : wMi which view the machine is so con- 

' § 

st rue ted as to permit of its wheels and pinions being 
exchanged for others with different numbers of teeth. 

It is obvious that the motion communicated to the 
under rollers from the. main* shaft, P, is retarded; 
while that communicated to the spindles is accelerated. 
Thus, for one turn of the shaft, P, or the pinion, 1, 
upon itsfcrcmotc end, the wheel, 2, will make ~ of a 
turn ; and for one of the pinion, 3, upon the axis of 2, 
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the wheel, 4, will maKb ± of a turn ; heifce the. wheel, 
5, of the same size as ttye carrier-wheel, 4, makes one 
turn for 16-5 turns of the^team-shaft, P. Thesurffc^ 
of the under rollers turned at this rate by wheel, 5, is 
75vWr twelfths of an inch, being 24 twelfths, op % 
inches in diameter; and therefore the|e rollers will 
deliver = 4-57 twelfths of an nich of thread for 
each revolu|ion of p. 

Tlie drum, L, L, having ten times the4Siameter of 
the wharves of the spindles, each turn <# it will give 
tdfe revolution# to the spindles. Hence while 4*57 
twelfths of an inch are delivered, the spindles turn ten 
times rounder give ten twists to that portion, being 
fully 26 twists per inch. 

Whatever he the number of the yarn, the traverse 
motion of the bobbins remains unchan ged. 


SECTION VII. 

Bundle-Prea*. 

The object of this machine is to puck up the hanks 
in bundles of a few pounds weight each, and to com- 
press them into such a moderate compass aV may 
allow them to be transported to a distent market with 
little cost or risk of injury. Though small in size, the 
bundle-press is characterized by the same ingenuity 
ami mechanical soundness of construction which dis- 
tinguish the Manchester workmanship in general. 

Fig. 87 allows the iront view, or the face opposite to 
the station of the packer. Fig. 88 is an end view.* 

A A is the strong frame of cast iron. 

B B is a wooden table fixed to the frame. Its 
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rigb(£ha*d end serve* %r holding a qjRaftts &ot yarn* 
ready to the packer's hand. ’ Upon tab leftthancl side " 
of the 'table are laid flypaper* and twine used US 
making up ‘the bundles. 

C, is a wheel which is moved hy the pinion, D. ^ie* 
pinion is fixed upon a shaft which is tusked round tyy 
the arms of the cross, F. Upon the same shaft i$ a* 
'ratchet-wheel, E, furnished with the usual click, a, to* 
arrest the sfaft at tAe point last arrived at, its revo- 
lution in the direction of the arrows. 

XJpon one ofyhe radial arms of the wheel, C, is cast 
a doss, on which the two connecting rods, G, G, are 
fixed. Tlie uacer ends of these rdds ate joined by the 
press plate, Ullrich must, therefore, move upwards 
when the wheel, C, is turned round. In order to make 
the plate, H, ascend in a vertical direction, it carries t\vp 
guide-bars, I, I, which move between llanges cast upon 
the inside of the frames, A, A. 

The part of the machine by which the pressing is 
l^rformed, consists of two sets of fla^bars or rulers, 
b, b, See., between which the prqss-plate moves up and" 
down. Each set consists of five bars, which are screwed 
^against the top of the frame A, but l6^ve sufficient 
space between them fbr receiving the binding pack- 
thread or twine. 

The top of tho press consists of five rails, c, r, r, c, c, 
which fit the five bars of the sides. They are con- 
nected with one of these sets by joints. S, 3, d, and arc 
rtised up to let in the y unwind to take out the bundle. 
The other ends of these rant c, c, c, are laid upon the 
five frpnt bars, and are secured in their places by rodkf 
e, e, c, which turn round the joints,/ /, f antara let 
into tilts of the rails, e, e, e, the projecting heads,^f,g, g 
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mule, *Mtund from the fppdl bobbins or Sops, 

Upon bebjijhs of# muchlhrger size, suited to the ad. 
ipptmeuts of the warping-mi|f This transfer is made 
fey a*winchng-fraine, very sinular ta^ that described for 
gassing yam, but great I j more simple, from the ab- 
sent of the shoeing apparatus. In the present ease, 
thdlarge bobbins are laid horizontally upon rotating* 
pplleyg, apd revolve by surface friction, so as to wind* 
on the yamjrom the smaller bobbins or c*ps set up* 
rjght or romontally upon skewers in an adjoining 
frame or creeF The threads are made to pass through 
glass hooks fixed upon a guide-bar, which traverses w> 
the* right and left, through m space equajjto the barrel 
oft he large bobbin, so as to distribute mByarn evenly 
over its surface. (See this apparatus described under 
the gassing machine.) 

*From these bobbins the- yam is next transferred to 
another machine called the warping -mill. Here the 
yarrt*intended to form the warp of one long web or cut 
in the power-loom is £fenerally wound in eight portions* 
upon eight separate rollers ; from wrhich it is united 
upon one roller or warp-beam in the power-loom 
dressing machine. By the above plan,, the attendant 
on the warpiifg-mili hast only to vgUch one-eighth part 
of tlfe whole ya*ns, fr&u two to four thousand in nuns* 
ber, which may go fo form the entire breadth of the 
web ; and she can, therefore, more readily recognise 
the particular* thread which breaks* and mend it in*» 
mediately, so as A preserv&jal} the yarns of the sanms 
length. 

warping -mill of the latest and most approved 
copstru^on, is represented in plate VII., fip, 1 and 
2. Ftp! shops an end view of the machine ; and 
fig. 2 a view seen fiwmgtbove, or a ground-plan. It» 
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both figures the bobbin-frame is showiwonty ip part; 
the rest, being a repetition, may be supposed extended 
to suit any number of t%eads or brejdth of neb. 

B B is ►the iron* frame-work of the machine, upon 
which the three wooden rollers C, C', and* C", rest, 
which guide the yams given off by the bobbins, lifter 
they pass between the brass, wires', a, fixed upon *the 
wooden bar, 6. To prevent tjic threads of the bobbins 
nearest the frame, *B; from rubbing upon the bar, b , its 
edge is rounded off with a smooth wire, c. f *T>, are sjx 
prismatic bars placed horizontally upon the top of the 
frames B, ant! extending right across the machine. 

E are plates cast on the franw-work, having upon 
tlu*ir inner Ihrfuces six upright ribs corresponding 
with the bars, D; the breadths of the latter being 
equal to the intervals or square channels between the 
said ribs, d is another guide for conducting the yarn, 
consisting also of upright wires, like a cotnb, between 
which the threads pass. 

F is a small roller to supjibrt the weight of the 
yarn, and to prevm'its rubbing upon the bars, D and 
cf, in its rapid motion to the winding-beam, or yarn- 
roller, G, shown by dotted lines in plan (fig. 2). Upon 
its ends, at a distance asunder suited to the breadth of 
the yarn-roll, are two light cast^ron plates, e, e,i#hich 
are furnished with a projection that fits into a longitu- 
dinal groove in the wooden roller, and may be thus 
shifted farther in upon the roller, according to the 
^breadth of the spread yarn. The tooth or feather of 
the end plate, by entering the groove cut in the roller, 
1$ prevented from slipping round upon it. * 

The warp-beam, G, lies with its iron axis in two slots 
of the brackets, ff $ made fast to the cross-fi&fce piece 
of the frame, B, and presses upn the roller, H, with its 
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whole wejghfe This roller is made of wooden spat*, 
«crewo& upon the circumference of several iron rings 
wqdged upon a shaft, so as iS form a Hollow cylinder. 
The^wood is theif covered with flannel, upon which the 
warp-roQer is laid. 

This roller, H, lies with its axis in bearings attached 
to the frame 0Tan4 carries at the one end the usual fast 
and loose pulleys I, By which it receives motion 
through a strap, from a pulley on* the mill-shaft, and 
imparts that motion to the roller G by surface fric- 
tion. 

Upon the shaft of the roller II there are two wheels, 
K/K, which engble»the attendant to turn backwards 
the roller II, and thence also the yalft-roUer G, in 
case a thread should break and its end should ruiion. 
It is necessary, however, first of all, to detach the 
warping-mill from the driving-shaft of the factory, by 
shifting the strap upon the outrigger loose pulley at I. 
To facilitate the throwing the machine out of geer in 
a moment, there is a fork, at the bent end of a ban* 
which extends across the frame, and-presents a handle 
at h , for shifting the strap and arresting the move* 
ment. 

The working of this machine .will hardly need any 
mintlte elucidation. "The yarns proceeding from the 
bobbins at A go*over the roller C, under the roller C', 
and over the roller C", thereby bringing the threads 
of all the bobbins into one horizontal plane. They 
pass thence over the bars D, through between the guide 
wires d, d, w ind over the roller G', as it revolves by 
friction of contact with the rotatory roller H, its axis 
being at liberty to rise in the slots off f in proportion 
as the dtfttteter of the barrel increases. For the pur-' 

voi* U. U 



poser of sh ew in g t he threads wore plainly, the whole 
if die machine is painted Mack, so that the warper 
wee at once if there be *a deficient white thread upon 
the dark ground. She immediately stops the me- 
chanism, takes up one of the six smooth prismatic 
rods out of the grooves in the brackets t, t, and lays it 
down across the yarn in the interval between the two 
farthest bars D, so that the wends of the rods lie be- 
tween the ribs of thft side plate E. She then turns the 
roller G back, by acting with her hand upon one of 
the wheels K, K, and thereby causes the yarn to wind 
off, the slack of which immediately fails down in 
doubled threads under the weight of the iron rod be- 
ftwe&i two contiguous ribs of the side plate E, like a 
window casement sliding down in its side grooves. 

If still she cannot recover or reach the broken end of 
the thread, she places another ot* the smooth rods in 
the next partition of the bars D ; which, descending in 
the cell, carries before it another double length of the 
yarns, as they are uncoiled, by the retrograde motion 
given to the rollerG* The warper goes on to reeal 
the wound-up yams in this manner, without any pos- 
sibility of ravelling them, or affecting their parallel- 
ism, till she finds and repairs the broken ends. The 
roller G must now bo turned slowly forwards till all 
the prismatic rods be fitted from the ground, and dis- 
wgagad from tlie travelling warp, when they are re- 
stored to their grooves in the brackets », t. The strap 
is next shifted upon the fast pulley at I, and all moves 
smoothly once more/ till another thread chances to 
b rea k . As the bringing back of the broken ends is 
OH irksome process, which loses time, and impairs her 
wages, it is a lesson which inculcates vigilance in no 
common degree. 



The warp fa now ready to bo transferred to the 
dressing machine. 


SECTION IL 
The Dressing Machine# 

Consists of^the following principal parts, 1 . The 
frames for carrying the rollers which have been filled 
with yam upon the warping maclfine. Generally eight 
rollers are used to compose a warp, and they are ar- 
ranged in two sets at the opposite ends of the machine. 

2. The sizing apparatus in which the warp-yarn of 
four of the said rollers passes between two cylinders, 
one of which is immersed in a trough with sure. 
Whilst, therefore, the lower cylinder gives size to the 
yam, the upper one squeezes out the superfluous quan- 
tity of tlie paste. 

3. The part of the machine* where the paste is rubbed 
into the fibres of the yam, and smoothed over by 
means of brushes. In this part the machines differ from 
each other, jiccording to the kinclbftfrushes that are used. 
In some dressing machines, two cylinders covered with 
brushes, one over, and one under the warp, revolve in 
a contrary direction to that of the yams. In another 
sort of drcss^ig machines, two flat brushes, one over 
and one undef the warp, are moved to and fro in such 
a way that they touch the yam only in one direction 
of their movement. It is obviotp that, in the latter 
kind of machines, the yarn be damaged only upon 
the first entering of the brushes (which, however, is 
performed very gradually), whilst in the cylindrical, 
the revolving bristles are constantly apt to rub and 
tear the delicate threads. 

M 2 
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4^ jTIm drying of the sice in the warp is performed 
bypassing it over a box or chest filled with steam. In 
Addition to the steam-chest, a fan is used for changing 
the' air, and thus promoting a quick evaporation. 

& The last operation which is done in this machine 
is the winding of the warp upon tile main yarn-beam* 
which is to be put into the loom. The two parts of 
the warp which have till that tj|rnc been worked sepa- 
rately on either end* of the machine are united here* 
and carried through a reed to produce a regular wind- 
ing upon the yam-beam. The revolving of the latter 
is the cause of the warps travelling from the eight 
yarn-beams through the five operations just men- 
tioned. 

The dressing-machine is shown in a longitudinal view 
in figs. 1*2,3, and 4, plate VIII. The drawing contains 
one and of the machine, in which one half of the warp is 
prepared, and the middle part of it, where both parts 
of tile warp are united and wound up together. The 
other end of tho machine is exactly the same as that 
represented, and thciefore is left out to reduce the 
sise of the engraving. Figs. 1 , 2, 3, and 4 represent all 
tho essential parts of the machine which will be men- 
tioned in the following description. 

A* A is one of the frames which cajrry the yam 
rollers B, B, B, B, as prepared at the warping mill. 
The rollers can be fixed at successive heights in order 
to make the yarn from the rearmost rollers clear the 
front ones. 

The yarn of all the four rollers (which contain dif- 
ferent numbers of threads according to the various 
breadths and fineness of the cloth to be woven,) is 
earned through a warp reed, a. This reed is formed* 
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m tn general, (see fig. 2,) of brass wires, but much 
•Wronger, and With wider intervals than those eom* 
tittmly need in weaving. Behind the reed a is a small 
roller, 6, which revolves by the friction of tlie travelling 
warp, and serves to collect the yam of all the beams 
in one horizontal plane. 

C is a large wooden cylinder immersed in a wooden 
trough, D, w^ich is filled with glue, paste, or starch. 
This cylinder is pressed by another smaller one, E, of 
iron, which is covered with cloth ; by drawing the warp 
forward, and thereby turning the cylinders C and E, 
the latter squeeze out the superfluous part of the size 
which had previously been raised from the trough by 
the surface of the former roller. As the weight of the 
cylinder C is very considerable, and would therefore 
produce too much friction to be safely turned by the 
travelling warp, its shaft, instead of lying in bearings, 
turns upon friction-rollers, c , c. From the sizing cylin- 
der C the warp travels in the direction marked d,d,d, 
thus passing through the reods e, e, e, under the la*he 
roller F, through what are calltT^nhe heddles G, and 
through the large reed H to the yam-beam I. The 
other half of the warp on the other end of the machine, 
comes in the direction d\ (V, d f , passes under the roller 
F, through the same heddles g, and reed H, to die 
said yarn-beam I, which is similar to those used on the 
warping marine. To prevent the threads from stick* 
ing together, and to make it easier for the dresser to 
mend any broken ones, the ,warp is separated by the 
wooden rods /, f f (called led$e*rods.) 

K is a box constructed either of deals or sheet iron, 
and screwed to the frame L of the central part of the 
machine. In this box, and upon two slender beams. 
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Z, which connect the frames L and A, ere sheet-iron 
cases, M and M\ (see the dotted lines in the figure,) 
which are supplied with steam from a main pipe, 
which serves, at the same time, to heat the room. 

N is the main shaft which goes across the machine ; 
on the end of which are three pulleys, a fixed and a 
loose one, G, to give motion to the machine from the 
shafts, and a third pulley, P, to drive the fan Q. 

The said sliaft N *4ias two cranks in the centre of 
tile machine, which stand at right angles to one an- 
other, the use of which will be explained hereafter. 
On the shaft N there is also a conical pulley R, which 
corresponds with u similar one, S, set in the reverse 
direction of the former. Hence, by moving a strap 
from the small diameter of the pulley R to its larger 
diameter, and at the same time, from the larger dia- 
meter to the smaller of t he pulley S, the velocity of the 
cone S will be gradually increased, and by moving 
the strap iti the contrary way it will be decreased, 
whilst the shaft N continues to revolve with ecpial ve- 
locity. The inoventf At* of the said strap is effected by 
turning a handle, c /, on the other side of the machine, 
and shifting, by means of a screw, the guide //, which 
keeps the strap at the place deemed proper by the 
dresser. On the short sliaft where the cone S is fixed, 
there is also a small pinion (not seen in this view of 
the machine), which works in the wheolV. Fixed to 
# is a bevel-wheel, k, which drives another such wheel,/, 
fixed upon a shaft sloping upwards, m, seen only in 
dotted lines, as ^hose parts last mentioned are attached 
to the other side of the machine. This sliaft m, by 
means of two bevel-wheels, n and o, drives the yam* 
beam I, as is represented in fig. 4. The wheel o moves 
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between two bearings, with its shaft p $ which can be 
shifted throvigb the boss of the wheel, according to the 
length of the yarn-beam which is to be put iuto the 
machine. When the yarn- beam which lies with its 
other end in tlso beariug q lias been put in a liole made 
for that purpose in the shaft p, fig. 4, the wheel o i*Q>. 
screwed fast ifyoii the shaft, and is now able to turn the 
beam by means of r aifti a. 

By the revolving of the yarn-Jieam I, as just de- 
scribed, the warp is drawn from the rollers B, B, B, B, in 
the directions d,d f d t and d\ d\ d' f and wouud upon its 
surface so as to increase its diameter, and, of course, the 
velocity with which the yarn is draw n in through the 
operation, and thereby it would prevent its getting dried 
before it is wound on the beam. The cones R and S 
are contrived so as to obviate this inconvenience. From 
them the motion is given to the wheels and shafts 
already described, and to the yarn-beam I. As soon 
as the dresser observes that the warp is not perfectly 
dried, he decreases the velocity of the machinery by 
turning* the handle y, and mqyflg .the* strap which 
turns the cone S towards the smaller diameter of the 
cone R. If he finds that he could work the machine 
a little quicker, he turns the handle the other way. 

Q is a fan ^)f three wings, working between die two 
halves of the warp which come up from the two ends 
of the machine. 

By drawing the hot air from underneath the steam* 
boxes M, \1', and blowing it # against the expanded 
warp, it serves very powerfully, to drv it This is an 
arrangement which has been lately adbpted. 

The fan Q is put in motion by a strap which come# 
from the pulley t to the pulley seen under the letter u. 
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With the first one is connected another pulley e (seen 
hi tile figure only in dotted lines), wfiich isjmt in mo T 
ticp by a strap from the large pulley P, P, on the shaft 
Pfc On the shaft of one of the rollers F', which are 
. iftade of single lathes* to prevent the sized yarn firom 
- sticking to* them, is a worm working in the wheel m* 
Which strikes, after each revolution, egainst a bell, in 
order to indicate the quantity pf warp wound upon the 
beam I. This point is marked by the dresser with 
a line of coloured paste. 

In order to wind on the yarn evenly between the 
two side plates of the yarn-beam, the reed-frame (that 
is, the frame into which a very bread reed, made«with 
long wire, is put), and through which the yarn passes 
' just before it is wound upon the yarn-beam, can be 
moved a little to the right or left by means of a handle, 
y, which moves a screw working in a nut attached to 
the said frame. This lies upon two pieces of wood 
screwed against the frame, L, of the machine. The 
huddle-frame g, which also lies loose upon tjjgo such 
pieces of wood, is adjusted to the former, in order to 
give as little friction to the yarn as possible. See fig. 4. 
. It remains now for us to give a desertion of the 
brushing apparatus, which has not hitherto been tuen- 
tioned, because it is an addition not absolutely neces- 
sary, but a good assistant in producing a well-dressed 
warp. In the machine here represented, the. recti- 
linear system of brqsHfng has been adopted. # 

A' and B' are brushes like that represented in fig. 3, 
tho one working on thfe top, the other from beneath, 
^gaiftst the warp ; both are fixed with the ends upon 
iron base, C', which work in joints, a! and V, upon the 
levels E' and IX The lever EX moves round a bear- 
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tf, fixed to thg floor. The other lever E', however. 
He bearing oh the end of an arm, H', which is 
fisted to the end of a shaft, e*. Upon the centre of the 
shift is fitted another lever, G'*the end of which is 
cfart1fecte<f by a long roil, I', with the first crank in the 
shaft N mentioned before. The other crank of this 
shaft, which moves ninety degrees from the former, is 
cohnocted by a similar red, H', with a bearing attached 
*4 pieces connecting the levers E' of the two sides of 
the machine. 

/' is a counter- weight working upon the shaft o' to 
balance the weight of the brushes. It will now bo per- 
ceived that by moving the crank-shaft N from the 
position the drawing shows it in, the first crank will 
move the lever G', depress K', and of course also 
gradually depress the brush A' upon the warp, whilst 
the other one B' is gradually lifted up against it (the 
bar C' turning upon the joint b f ). 

At the same time, howeter, the second crank is 
drawingithe frame E* and also the bar G* forward, iff 
the same wray as a wea\er u^ed to apply the dressing 
by hand upon the warp in the loom. When the cranks 
have moved through 180 degrees, the brushes will 
have left the warp, and will move backwards at gom 
distance above' , ^nd bencath^ie warp, without touch- * 
ing it. 


SECTION 1 II.* 

Tbe Siting Machuje. 

Instead of the dressing machine, in which a small 
quantity of paste is applied to tKfe surface of the yarn, 
and is rubbed in between the fibres by means of brushes, 

M 5 
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tl isre is now sometimes used a very ample apparatus 
to impregnate the yarn with size. 

: It *is a fact well known, particularly to dyers, that 
stuffs are not well penetrated by a fluid, &c., if may 
are not alternately immersed in the fluid, *hnd then 
squeezed out again, for the purpose* of expelling 
the air contained in the fibrous matter. With this 
view, the sizing machine hasi>een constructed, which. 
Consists of a large trough filled with size through which 
n». 91. 



L&kia’s Slain# Machine . - ■■ Scale, half an inch to the hot 
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the warp is drawn, but, instead of passing it 
through the fluid* it passes over a set of rollers which 
turn by the friction of the travelling wacp. This mo 
lioJt by which the warp is pressed tight upon the 
tollers, and left, loose again in the space between e\ory 
two of them, effects a complete impregnation of the 
fibres of the yarn* 

Hie sizing machine is represented in the annexed 
figures* Fig. 90 is a longitudinal section* in which 
there are represented* only nine or the rollers* instead 
of twenty and more as are generally used. 

Fig. 91 shows a cross section of the same machine by 
which it will be pe^ived that two different warps are 
managed in the machine at the same lime. 

A, A, is a trough of cast-iron plates screwed together, 
having the joints secured with cement. To the bottom 
plate is cast, in the direction of its length, a channel* 
B, which serves as a steam case, and which communi- 
cates with tlie inner trough by the openings, a* a, a. 
These openings are ^covered with small valves* whiqfy 
are lifted by the steam coming fronvthe pipe C in the 
channel B* which* however, prevent the fluid contained 
in the trough from entering the steam pipe, if this # 
should be empty of steam. D, D are very light cast- 
iron pulleys oi^ rollers, which revolve upon rods, screwed 
across the Irou/h. They arc arranged in two rows 
one over anqlner, to make the warp travel up and 
down. Between these two setafltf rollers* and through 
the length of the trough, are fixed two rods E* E, for 
either of the warps, as will bebeen in the section, 

91. They are about four inches apart, and serve to 
keep the warp in the centre of the rollers D, D, whilst 
it is travelling from one end of the machine to the 





erfheiy and fcmainiiig* constantly ipimcrsed in ifarfaid 
Wiiteb fillsthe trough to about two inches under .the 
tj^per edge. * 

* After having pass^i all the rollers D, D,as is seUi in 
fig. 90, the warp is squeezed between two large wooden 
rollers P, P, which are pressed togetljpr by weights 
suspended at the levers G. 

The superfluous moisture is here expelled; and runs 
back into the trof|jh, whilst the warp is led either 
over the cylinders of* & drying machine, like those 
used for the drying of dyed or printed goods, or it is 
wound up in a bundle, and carried into a hot room. The 
better plan would be to let it pa^s over the rollers of 
a hot flue, winding the end of the warp direct upon 
the yarn-roller, after the threads have been first drawn 
through a reed. 

An eminent manufacturer at II) de makes the paste 
for dressing his warps in the following way. 

OfcCalcutta flour, at 1 Is. per cu t., 140 pounds are 
j#ut into ea^h paste-tub, whose ^average depth jp 20 
inches, and width 30 Inches. The tub is filled up to 
nearly the brim with cold water, and the materiUs 
being well mixed, are left alone for three days. The 
glutinous matter which collects at top is skimmed off; 
the mixture is now run down into a c^Kndric vessel of 
cast iron, in which vanes are made to revolve b/a ver- 
tical spindle, so as to triturat^tthe whole well toge- 
ther, while steam is admitted from a pipe which dips 
down near to the bottom. The paste being boiled in 
this way for an hour/is then run off into casks, in 
which it is left during three weeks ; at the end* of this 
time, it is smoothed or* levigated by being forced 
hrough between two rollers revolving almost in con- 
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ttct with etch ©thp, at the bottom of o pyramidal 
hopper, into whose wide mouth the paste is ladled, 

Mr. Lillie's siting machines will dress a length of 
wslfc of upwards of one mile inihe course of an hour. 
Etch drying cylinder in the steam range mikes 20 
turns in the iginute, with a diameter of 18 inches, or 
a circumference 6f 4} Jeet ; but 4£ x 20 ss 90 feet 
per minute as 5,400 pe*hour =a 1,800 yards. A com- 
mon dressing machine *does lO^f^ces or cuts of 60 
yards each in a day ; which js at the rate of 3,600 
yards in a week. 

One of these machines made by Mr. Lillie for Mr. 
Waterhouse, an eminent manufacturer near Manches- 
ter, dresses, in 12 hours, 100 warps, each 370 yards 
long, which is no less than 37,000- in that time, being 
at the rate of 3,083 yards per hour, or If mile. 


CHAPTER V. 

Weaving. 

Weaving is the art of making cloth by the rec-, 
tangular decussation of flexible fibres, of which the 
longitudinal $re called the w arp or chain, and the 
trans^lrse theTwoof or weft. The former extends 
through the whole _lg§gth of the web, the latter only 
over its breadth. Tne outsido4hread on each side of 
the warp, round which the w,M&thrcad returns in the 
act of decussation, is called th%sclvage or list. 

■In the earliest records of man we find this indis- 
pensable, though now vulg&r, art, mentioned with the 
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high** t haaoar; thu% in tbe book of Exodus, we 
wt% “With wisdom to week tbfwotk of a weaver;” 
aqd*i&t<tbe most ancient of books, one t>f its imple* 

9 i*eleganUy used to illustrate a moral «po- 
W**‘ My day) are swifter than a wearer** 
r—job. 

The art of weaving fe more ancienf than that of 
spuming, for the hist cloth ^fras, no doubt, akin to 
what we call mattiij^— a texture formed by the inter* 
laoement of woody flbigp, and of grasses of various 
kinds, as is still executed by several of tbe South Sea 
islanders. At the period'of Captain Cook’s voyages, 
most of them were strangers evei^to that rude art, for 
they made their cloth by cementing orstitching shreds 
together, rather than by any kind of decussation, 

It was the art of spinning, however, which, first gate 
value the art of weaving, properly so c^Jled, by 
supplying it with threads of any desired length, 
stteagtlL and flexibility, to be worked up into a cohe- 
sive- and durable web. The cultivation of- flax* and 
the conversion of, its,, tough fibres irfto clothing, 'frere 
known at a very rename period in Egypt ; and dp, 

« rceivB, from the stqwVftPenelope's web, bow fci$hly 
a aft of weaving waradteomed in the heroic ages of 
Onwte, < It was long, however, before it spread into 
wetUrn Europe ; for when Julius ‘yawar v tedd e d 
Great Britain, he found our aggrstorx unacquainted 
with the loom. , The .{tomans introduced this imple- 
ment along with the o^ter arts of civilization, and soon 
succeeded in establiahiah i te use extensively among’their, 
English subjects ; for the “ Notitia Imperii ” Snakes 
meat km of. an imperial manufactory of woollen dhd 
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wen yards in length, and contains the history of the 
"Conquest of Engird by William of Normandy}” 
beginning witlf Harold 1 # embassy in 1065* and ending 
with -his death at the battle of, Hasdngsm^K 
This extraordinary piece of worlT if supposed^W&vo 
been woven by Matilda, Queen of William the 
Gmqu$ror, and' tte ladies of her court; but it is in- 
debtidfor wbst beauty repossesses* much more to the 
labours of the needle, than of the^frSm. 

"From the few monument g$|!iicn exist of ancient 
weavers, it is not easy to forma distinct idea of the 
manner in which they formed their woollen and linen 
cloths. If we judgp^from the figures stiU extant of 
the fourth and fifth centuries, this art eras one of 
extreme simplicity. We there see somenfrotnen spin- 
ning, others smoothing out the web. Those who 
weave the^ssue are represented standing, 
ft In the ancient "Virgil of the Vatican,” suppwrou hi we 
a manuscript of the fourth century, and which fcpnpriy* 
belonged to the monastery of St. Denys, in^France, % 
woman is exhibited%t work on a picC^^fftfoth ; she is 
ianfc upright position, and makes Use of along rod for 
a shuttle, fig. 93. I leave it Skilful in weaving to 

explain this mode of proceedi^^ Another manuscript 
of the *' Bibliot j^eque du Rot/ 1 which is a commentary 
on the Wok of $b, bas a figure of a weaver at work 
on his web ; an ft he ajgb is standing. Although this 
manuscript be only orthe tenths century* the figures 
are copied from more ancient^ manuscripts ; for, ac- 
cording to an ancient commentator, the oldest copies 
of thdbbok of Job possessed these painted images, 
which have been transmitted* in the later copies.”— 
Monlfaucon , iii. p. 358. 
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At so late a period as the year 1331, weaving was 
so little understood in England, that the arrival of two 
weavers from Brabant is recorded in the chronicles 
among the important events of the time. But it was 
the religious persecutions of the Duke of Alva which 
first gave importance to our cloth manufacture, by 
driving crowds of Flemish weaver^ td seek a home in 
this country. What one bfgot had begun, another 
completed. LouV^IV., fcy his revocation of the 
Edict of Nantz, in 1080, caused the expulsion from 
France into England of about 50,000 of the best 
French manufacturers, many of them eminently skilled 
in the weaving of silk and ot heroine fabrics. 



P1|.I4.— ~TJ«» W’eaTor. with hi* Wife Mehta# Woof, its figured in Kchopte'* 
Canoplia Frankfort on the Maine, tn». 
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The process of warping always precedes weaving. 
Its object is to extend the whole number of threads, 
which are to form the chain of the web, alongside of 
each other in a parallel plane. As many bobbins are 
taken as will furnish the quantity'of thread required 
for the length of the piece of doth. r Ilit* bobbins are 
usually one-sixtfi the number of all the threads, 
and are mounted loosely spindles in a frame, so 
that they may revolve, and give ufl^the yam freely. 
The warper sits at A, fig. 95, jmd turns round the 
reel B, by the wheel (\ and rope D. The yarn on 
the bobbins is seen at E. The slide F rises and falls 
by the coiling and uaf oiling of the cord G, on the 
shaft of the reel II. By this simple contriva.nct*, the 
band of warp- yams is wound from top to bottom. 
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spirally, round the reel. I, I, I, represent wooden 
phis, similar to those used in peg-warping. 

Most warping-milis are of a prismatic form ; and 
have twelve, eighteen, or more sides. The reel it 
* usually about six* feet in diameter, and seven feet 
high, and serves to measure accurately, on its cir- 
cumference, the length of the warp, it may be turned 
either way by a rope gioved by the trundle C, 
which is actuated by the warper s hand. At E, 
is the frame to cont^jn the bobbins, the threads 
from which pass through the heck placed at P. 
This now consists of a number of finely polished and 
hard temporod steel pins, witfe a small hole at the 
upper part of each to receive and guide one thread. 
The modem heck contains two parts, either of which 
maybe lifted by a small handle below, and the eyes of 
each are Alternately placed. Thus, when one is raised, 
a vacancy is formed between the threads, and when the 
oiuftyis raised the vacancy is reversed. By this the 
lease irNhrmed at each end of the warp, and this is 
preservecl by Sippibpriulc pegs. These being care- 
fully tied up, give the rule for the weaver «0 in- 
sert his rods. The warping-mill is turned each way 
successively, until a sufficient number of threads aro 
accumulated to form the breadth wanted. The 
warper's principal care is to tic immediately *ivery 
thread as it breaks, otherwise deficiencies it* the chain 
would exist, highly detrimental to the web> or produc- 
tive of great inconvenience to the weaver. The box 
which contains thc^cck slides on an upright rod, as 
shown in the figure. 

The simplest, and probably the most ancient, loom 
is the Indian. It consists of two bamboo rollers,— one 
for the warp, and another for the woven cloth, and a 
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pair of heddles for parting the warp in the decussa* 
tion of the woof. The shuttle performs the double 
offiee of shuttle and lay for driving home the parallel 
yams. It U made like a large netting-needle, and 
rather longer than the intended brtadth of the cloth. . 
The Tanty carries this rude apparatus to any tree 
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which may afford a comfortable shade : here he digs 
a hole large enough to receive his legs and the lower 
pari of the goer or t reddles ; he then stretches his 
warp by fastening his two bamboo rollers, at a proper 
distance from each* other, with pins into the turf; the 
fceddle* he fastens to some convenient branch of the- 
tree overhead; he inserts his great toes into two loops 
under the geer to serve liim for treadles ; he finally, 
sheds the warp, <fraws the weft, and afterwards strikes 
it up close to the web with his long shuttle, which 
thus performs the office of a batten. 

Fig. 97 exhibits our loom in its plainest state. The 
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warp is wound about the beam A ; the lease is pre- 
served by the rods at B ; and the two heddles or 
healds at C, consist of twines looped in the middle, 
through which loops the warp -yams are drawn, one- 
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half through the front heddle, and the other through 
the back one. The yarns then pa m through the reed 
under D, fined in a movable swinging frame K, called the 
bitten, lay, or lathe. This lay is suspended to a cross- 
bar F, attached to the upper part # of the side uprights, 
so as to vibrate upon it. The weaver sits on the 
b>ard G, presses (k>wn one of the t reddles at H with 
his foot, which raising on? of the heddies and sinking 
the other, sheds the warp by liftiftg and depressing 
each alternate thread a little way : a pathway is thus 
opened for the shuttle to traverse the warp. The 
weaver holds the picking-|>eg I, in his right hand, 
and by a smart jerking motion drives the shuttle 
swiftly from one side of the loom to the other, between 
the warp-yams. The shuttle having left behind it a 
shoot of weft, between the reed and the weaver, he 
now pulls the lay. with its reed, towards him with his 
left hand, so as to drive home the weft -yarn to the 
web, made by the preceding casts of the shufth, 1 tie 
cloth is wound upon the o\ :r yif in pro-* 

portion as it is wove. 

An accurate representation of the most improved 
kind of shuttle, furnished with friction wires, is given 
under power-loom weaving, page 296. As the shuttle 
darts across th«* va r P> the weft-yam uncoils from its 
cop or pirn, and tuns through a small hole in the side 
of the shuttle. * 

The mode of throwing the shuttle by the jerk of a 
picking-peg and cord is a great improvement on the 
old way of throwing it from the hand. It was in- 
vented in the* year 1738 hy Mr. John Kav, a native 
of Bury in Lancashire, w’ho was at that time resident 
in Colchester. It enabled the weaver to make nearly 
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double the quantity of cloth in the same time, and of 
any requisite width. 

One might imagine that the author of this elegant 
invention, so well calculated to lighten the drudgery, 
and facilitate the gains of his fellow operatives, would 
have obtained favour in their eyes, at least, if not some 
recompense ; but, alas ! Kay shared the too-conunon 
fate of the real benefactors 91 his race. He was per- 
secuted as a dangerous innovator, who, in shdVving 
how brute labour could be spared, might possibly 
diminish the demand for workmen. lie was driven 
by cabals and mobs from his native land, — forced to 
live and die a sad exile in Paris 

John Kay brought this contrivance to his native 
town in the above year. It was adopted by the 
woollen weavers immediately, but was little used by 
the weavers of cotton goods before the year 1760 . 
In that year Mr. Robert Kay, of Bury, son of the 
precluding, invented tin* drop-box, by means of which 
♦lie wea\s4 can, at pleasure, use any one of three 
shuttles, oacFT"tr>nt frtning a different coloured weft, 
without the trouble of removing them from the lay.* 
See fig. 98 . 

As soon as a few inches of cloth are woven they are 
wound upon the cloth-roll, by putting a short lever 
into a hole in the end of that rolh and turniug it 
round, while a click, resting in the tcKh of a ratchet- 
wheel on tlie cylinder, prevents its return. The 
cross-sticks at B ufc smooth, and usually three in 
number. Being put between the warp-yarns, they 
preserve the lease and keep the threads from entan- 
gling. They are maintained at a uniform distance from 
* Mr. Quest's compendious History of the Cotton M*nufftctur», p. 8. 
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the heddles either by tying them together, or hy a 
small cord with a hook at one end which lays hold of 
the front roil, and a weight at the other which hangs 
over the yarn-beam. The cloth is kept extended 
during the operation of weaving by means of two 
pieces of hardjvood. called a templet, furnished with 
sharp iron points hi they* ends, which take hold of the 
opposite edges or selvages of the web. These two 
pieces are hound together by a Vord, which passes 
obliquely through holes or notches in each piece. Ily 
this mode of connexion the templet can he lengthened 
or shortened according to the width of the cloth. 
After tin* proper degree of extension is given, the two 
parallel bar< of wood are kept Hat on the cloth by a 
small cross bar, which turns on a peg fixed in one of 
tin* bars, (,wr power-weaving, p. *2*7.) 

The perfection of weaving depends very much upon 
the warp being extended in the loom in a parallel 
plane, with an equal tension. In setting tjj>c lease- 
rods, can* must be taken that all the thivads which 
are to go through one of the hectdles hi* separated hy 
these rods from the threads belonging to the other 
heddle. This separation is originally made in the 
wnrping-mill by means of the heck. 

The operation of brmnhiis the warp requires parti- 
cular care to insure good cloth. When the weaver re- 
ceives his warp ‘in a large ball or bundle, be proceed* 
to roll it regularly upon the yarn-roller of his loom. 
In this process he employs an instrument called a se- 
parator or ravel, composed of a number of «hred* of 
cane, fastened together by means of a rail of wood, 
like the iceth of a long comb. The threads are to be 
inserted into the spaces between these teeth, so m to 
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Spread the warp to its proper breadth. Ravels re- 
semble reeds, but they are coarser, and of different di- 
mensions. A ravel proper for the purpose being 
fchQsen, one of the small divisions of the warp is placed 
In every interval between two of the teeth. The upper 
part of the ravel, called the Cape, is .then put on to 
secure the threads from getting out 'between the teeth, 
•and the operation of winding the warp on the beam 
now commences. After the warp is wound upon the 
’beam, the operation of drawing is jierformed, which 
consists in passing every thread through its appro- 
priate eye or loop in tin? heddles. Two rods are first 
inserted into the lease formed' by the pins in the 
warping-mill ; and these rods being tied together at 
the ends, the twine by which the lease was secured is 
cut away, and the warp is stretched to its proper 
breadth. The yarn-beam is suspended by cords 
Jwhjnd the heddles, somewhat higher, so th& the 
vmrp hangs down perpendicularly. The weaver 
places hirilsoJ£ in front of the heddles, and opens the 
eye of each hcddle in succession, while an assistant, 
placed behind the heddles, selects every thread in its 
order, and presents it to he drawn through the open 
eyes of the heddles. The succession in which the 
yams are to be delivered is easily determined by the 
•lease-rods, as every thread crosses that next to it. 
The warp, after passing through* the (teddies, is drawn 
through the reed *by an instrument called a sley, or 
reed-hook, and two threads art* taken through every 
interval in the reed. 

The lease-rods being passed through the intervals* 
which form the least*, every thread will beftfound to 
pass over the first rod, and under the second ; the 
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next thread passes under the first, and over the 
second; and so on, alternately. By thin method 
every thread is kept distinct from the one on either 
side of it, so that, if broken, its true situation in the 
warp may be found at once. There is likewise a third 
rod which divides the warp into what is called xplit- 
ful*» for two threads pass alternately over and under 
it; and these two threap also jwlss through the same 
interval betwixt the splits of the thread. 

The cords or mounting which move the heddles are 
now applied ; the reed being placed in the lay or 
batten, the beginning of the warp is knotted together 
into small portions, which are tied to a shaft and con- 
nected by cords with the cloth-beam; and the yarns 
are finally stretched in order to begin weaving. 

The operations of common weaving are simple, and 
soon learned, but require much practice to be j>er- 
fo rifted with dexterity, in pressing down the trea- 
dles of a loom, most beginners are apt to apply the 
weight or force of the loot much too suddenly. The 
ill effects of this sudden pjeskure arq^ particularly 
obvious in weaving fine or weak cotton yarns ; for the 
body of the warp must thereby sustain a stress nearly 
equal to the force with which the foot is applied to 
the treadle, fcloroover, every thread is subjected to 
all tile friction occasioned by the heddles and splits of 
the reed, between which it passes, and with which it 
is brought in contact when rising and sinking. As it 
is difficult to make yarns equally strong and tight, 
some will be more affected than others by undue or 
sudden ' pressure, and be occasionally broken. Even 
with the greatest care, more time is lost in tying or 

n 2 
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replacing these warp-yarns, than would have been 
sufficient for weaving a considerable piece of cloth. 

Should the weaver, from negligence, continue the 
operation after one or more warp-threads are broken, 
the cloth will be sdriously damaged. The broken 
thread does not retain its parallelism to the rest, but 
crossing over or between those interest to it, either 
causes them also to breaker interrupts the passage 
of the shuttle. lit every kind of weaving, also, but 
especially in thin wiry fabrics, such as book-muslins, 
much of the beauty of the goods depends upon the 
weft being in a proper state of tension. If the motion 
given to the shuttle be too rapid, it is very apt to 
recoil, and to slacken the thread. It has also a 
greater tendency either to break the weft altogether, 
or to unwind it from the pin of the shuttle in doubles, 
which, if not picked out, would disfigure the fabric. 
The weft of thin cotton goods is sometimes wove* wet 
into tfie^loth, the moisture tending to lay the ends of 
the cotton filijuumts smooth or parallel. 

In the q|mmon bptyation of weaving, the proper 
force of stroke for beating up the well-yarn must be 
learned by pract ice. The weaver ought, however, to 
mount his loom in such a manner that the swing or 
vibration of the lay may be proportional to the thick- 
ness of the cloth. .As the lay oscillates backwards 
and forwards upon centres placed alwve, its motion is 
similar to that of a pendulum. The greater, there- 
fore, the arc through which the lay moves, the greater 
effect will it have in driving home the well, and the 
thicker the fabric will be, as far as the weft is con- 
cerned. Hence in weaving coarse and heavy goods. 
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the hcddles ought to he hung at a greater distance 
from the place where the weft is struck up, and conse- 
quently where the cloth begins to be formed, than it 
should be for light goods. The lino of the last 
wrought shot of weft is called # by weavers the fell. 
The pivots on^vhich the lay swings ought in general 
to he so placed tlAt the* reed will be exactly in the 
middle between the fell i%ud the heddles, when the lay 
hangs perpendicularly. As the fell constantly varies 
its position, the medium distance should he taken, or 
the place where the fell will he when half as much is 
woven as can be done without winding it on the cloth- 
roll, and drawing imfre warp from its c\ Under. 

The intervals for taking up tin* cloth should always 
be short in weaving light goods, for the less the fell 
varies from the medium, the more regular will he the 
impulsion of the lay. Mr. Hall obtained a patent, in 
1H08, for a method of continually turning round the 
cloth-beam, so as to wind up the cloth as fast as it was 
woven, or even shot by shot. This was effected by K 
ratchet-wheel fixed on the end ot the clotfa-beam, and 
a catch or detent to move it round one tooth at a time. 
This catch was actuated bv the impulsion of the lay. 
Similar contrivances are now universally adopted in 
power-loom wdhfing. 

Dressing a web. is the application of flour paste 
to the warp witli a brush, in order to smooth down all 
the loose filaments of the yarn, us- well as to increase 
its stiffness and tenacity. Iff applving the dressing, 
the weaver suspends the labour of the shuttle when- 
ever he has worked up the portion of warp already 
dressed, applies the comb to clear away knots and 
burs, then pushes back the lease rods towards the yam 
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beam, and, lastly, brushes the yarn with the paste by 
two. brushes, holding one in each hand. The super* 
ffiious humidity is afterwards removed by winnowing 
the warp with a large fan. A small quantity of grease 
is occasionally brushed over the yam, the lease-rods are 
restored to their proper places, and the Jpom is put in 
action. The preparation of pgste or* size for weavers* 
dressing has been the subjeet*of several patents. Mr. 
Poden recommends a quantity of calcined gypsum to 
be reduced to a fine powder, mixed with alum, sugar, 
and the farina of starch or potatoes, the whole to be 
made into a thin paste with cold water, and the mix- 
ture afterwards boiled to a gelatiftous consistence. 

Peter Maryland, Ksq., ot' Stockport, obtained a 
patent in 1K05 for an ingenious method of starching 
cotton yam in the cop. so that it might he ready for 
weaving whenever it was warped. lie placed the cops 
in a tight vessel, exhausted the air, and tlien admitted 
the hot jjaste in a liquid state. By this elegant physi- 
cal device, ho caused the cotton fibres to he thoroughly 
impregnated into the very heart of the cops. It was 
found, however, difficult to dry the cops thereafter, 
and to transfer their yarns to the warp-mill bobbins. 

In the specifications of some throstle-spinning 
patents, it is proposed to gi\o the yafnTa dressing be- 
fore it is wound upon the Itobhiu by making it pass 
between n pair of rollers immersed in a trough filled 
with paste. Cop-yarn is sometimes passed over a 
cylinder revolting in a past e- ho \ during the process of 
reeling it on the bobbins of the warping-mill. 

For the insertion of wefts of different fineness, or of 
different colours, into one web. different shuttles must 
be in readiness for alternate use. With this view, an 
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apparatus of movable shuttle boxes is attached to 
each end of the lay, as is represented at D in fig, 
98. Here are seen three boxes so constructed as 
to slide up aud down in a vertical plane. They are 
suspended by a cord from the cross levers G, G, which 
turn upon centres in the suspending bars or swords of 
the lay, inarkwl B, B. A represents the cross spar of 
wood on which the lay oscillates upon iron gudgeons or 
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pivots driven into each of its ends, and resting upon the 
upper rails of the loom, as shown in section. The under 
pgj& of the lay appears at C, and the upper bar or lay- 
cap H, which the weaver seizes in his hand in driving 
home the weft. A bote E, K ore seen the two pieces 
of wood called drivers or peckers, which traverse hori- 
zontally upon smoothly polished iron rods, and which 
give motion to I lie shuttle. Tjjese drivers are impelled 
by the jerk of the weaver's hand, and the impulse must 
be so smartly given as to communicate adequate velo- 
city to lodge the shuttle in the opposite hox, over- 
coming the friction of the shuttle along the warp-race. 

The pin II is made to slide ly from righyo left 
on the upper bar of the lay, whereby the levers (J are 
moved at pleasure, and any one of the three boxes 
brought opposite the driver. F is the pecker handle. 

When the pattern of the cloth is to he diversified, a 
single pair of alternate hoddles and levers becomes in- 
adequate to the work, and several heddle-leaves must 
lv' introduced into the loom. Every leaf is suspended 
from a particular low r above, connected by a cord 
with the march-bars below, and thence with a corre- 
sponding series of treadles. Such an apparatus will 
atVord a comprehensive range of patterns; but the 
draw -loom must he had recourse to for fancy work in 
general, 

Eig. U9. This wood-cut exhibits the outline of a loom 
mounted with severed heddle-leaves. Instead of the 
jacks which lift the heddlc- frames in the plain loom, 
levers, such as are shown at A. A, are list'd, one of which 
suspends every loaf of the h eddies. From the ends 
of these levers a connexion is formed by a cord with 
the marches at B, of which there are two sets, dtverg- 
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ing from the centre of the loom to either extremity. 
In order that every treadle may operate equally on 
both sides, the spring staves C, C, are used, from wliioh 
the connexion is established with the treadles at D. 
When a heddlc is depressed, this part of the apparatus 
will raise the leaf or leaves with which it is connected, 
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and, by direct communication from the heddles, the 
sinking in produced. 

# Figures or patterns are produced in cloth by employ* 
mg threads either of different colours, or of different 
texture, in the warp er weft. In weaving, the threads 
must bo so disposed that some colours will be con- 
coaled and kept at the back, whilst jothbrs are placed 
in front ; and they must occasionally change places, so 
us to show as much«of each colour or texture as is re- 
quisite to make out the figure or pattern. The weaver 
has three means of effecting such changes of colour or 
appearance. 

First, by lining differently enured threads in the 
warp, or threads of different sizes and substances ; 
these are arranged in the warping, and require no 
change in the manner of weaving. This style is con- 
fined to patterns, with stripes in the direction of the 
length of the pirn*. Secondly, by employing several 
shuttles charged with threads of different colours or 
substances, and changing one for another every time 
that a change of cohmr or apj>earuuco is required. 
This plan makes stripes across the piece; or if com- 
bined with a coloured warp, it makes chequered and 
spotted patterns of great variety. Thirdly, by em- 
ploying a variety of heddle-ltsives, instead of two, 
eueh heddle having a certain portion of the warp al- 
lotted to it, and orovided with a treadle. When this 
treadle is pressed down, only a certain portion of yarns 
which belong to its heddle will be drawn up, and the 
rest will be depressed ; consequently , when the weft is 
thrown, all those yarns which are drawn up will apjiear 
on the front or top of the c loth ; but in the intervals 
between them, the weft must appear over those warp 
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threads which are depressed. The number of thread* 
which are thus brought up may be varied as often at 
the weaver chooses to press hi s foot upou a different 
treadle, and thereby he produces his pattern. When 
all these three means are combined together, they 
afford the weaver ample resources for representing the 
most complicated patterns. 

Twtvled and figuretf cloths are so various in their 
textures, and so complex in their formation, that it is 
difficult to convey an adequate idea of the modes of 
constructing them without entering into lengthened 
descriptions incompatible with the limits of this work. 
In examining any pi*- 1 ' of plain cloth, it will he ob- 
served that even thread of the well crosses alternately 
over and under every thread of the warp in its decus- 
sation ; and the same mav he said of the warp. In 
short, the warp and weft-yarns are finis interwoven 
and tacked at every individual thread. In tweeled 
cloth only the third, fourth, fifth, sixth, &c. 9 threads 
interlace each other to form that peculiar texture. 

Figure 100 represent 4 * a section of tweeted fabric. 
The warp is shown by the round dots. Here four 
of the successive threads of the warp will be found to 
pass over or under the same thread of the weft ; or, 
in other words^by tracing any thread of the weft, it 
will Ik* found tt» pass over four threads of the warp. 
Then it crosses and passes betweet^jlie threads of the 
warp, and proceeds beneath four more threads, before 
it makes another intersection lietwecn the threads of 
the warp. 13y this means the warp-yams get con- 
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(leased so, as to thicken the fabric. The tweeled fabric 
is also ornamental, from the figure being capable of 
inversion .at pleasure. Thus there are four threads 
passed over in this pattern, and one only intersected ; of 
these four threads, the series marked 1 and 2 are under 
the weft-line, while those marked 3 and 4 are above 
it. This does not affect the solidity or Strength of the 
texture, but is merely subservie'nt to ornament. At all 
the intersecting points where the threads actually cross 
or interweave, both threads of warp and weft are seen 
together, and these points are therefore more marked 
to the eye, even if the warp and the weft arc of the 
same colour. In plain tweels thefe points form paral- 
lel lines extending diagonally across the cloth, with 
different degrees of obliquity, according to the num- 
ber of weft-threads over or under which the warp- 
threads run before an intersection takes place. In the 
coarsest kinds every third thread is crossed ; in finer 
fabrics, each sixth, seventh, or eight thread is crossed. 
Jr some fine tweeled silks the crossing does not take 
place until the sixteenth interval. 

The art of adapting those parts of a loom which 
move the warp to the formation of various kinds of 
ornamental figures upon cloth is called by weavers 
draught and carding. In every speqio** of weaving, 
whether direct or cross, the whole difference of pattern 
or effect is produc^i either by the succession in which 
the threads of warp are inserted into the heddles, or 
by the succession in wliicjh those heddles are moved in 
the working. The heddles being stretched, between 
two shafts of wood, all the heddles connected by the 
same shafts are called a leaf, and as the operation of 
introducing the warp into any number of leaves is 
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called draining a warp, the plan of succession is called 
the draught. When this operation has been performed 
correctly, the next part of the weavers business is to 
connect the different leaves with die levers or treadles 
by which they are to be movct^so that one or more 
may he raised or sunk by every treadle successively, 
in the order suitable to the particular pattern. 

As these connexions *are made by coupling the dif- 
ferent parts of the apparatus wit In cords, the name of 
cording is given to this operation. In order to direct 
the operator in this part of his business, especially if 
previously unacquainted with the particular pattern 
upon which he is tq be employed, plans are drawn 
upon pajmr similar to that represented in the wood-cut. 

Fig. 101 is the horizontal section of a loom, the 
hoddles being represented across the paper at A, A, 
and the t readies under them, and crossing them at right 
angles as at B, B. They are represented as distinct 
pieces of wood, those across being the under shaft of 
each leaf of hoddles, and those at the left hand the 
treadles. In the actual loom tiie treadles are placed 
at right angles to the hoddles, the sinking cords de- 
scending perpendicularly, as nearly as possible to the 
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centre of the latter. Placing them at the left in the 
plan, therefore, is only for ready inspection and prac- 
tical convenience. At C a few threads of warp are 
shewn as they pass through the heddles, and the thick- 
ened marks denote tf*e leaf with which each thread is 
connected. Thus the right-hand thread next to A, 
passes through the eye of a heddlc frpon the back 
leaf, and is unconnected with all the other leaves; the 
next thread passes through a lieddle on the second 
leaf; the third through the third leaf; the fourth 
through the fourth leaf, and the fifth through the fifth. 
Or front leaf. One set of the draught being now com- 
pleted, the weaver begins again with the hack leaf, and 
proceeds in the same succession to the front one. 

Two sets of the draught are represented in the figure, 
awl the same succession must he repeated till all the 
warp is included. Weavers understand this, and sel- 
dom delineate more than one set. When they proceed 
to apply the cords, the left-hand part of the plan at B 
serves as a guide. A connexion must be formed by 
cording, between every leaf of heddles and every 
treadle, for all the leaves must either rise or sink. 
The rising motion is effected by joining the leaf toon© 
end of its correspondent top-lever; the other end of 
this lever is tied to the long march (ittfi) below, and 
this to the treadle, fig. 99. 'Die sinking connexion 
is carried directi^from under the leaf* to the treadle. 
In order to direct the weaver which of these connexions 
is to be formed with each treadle, a black dot is placed 
when a leaf is to be raided, where the leaf and treadle 
intersect each other upon the plan; and the sinking 
connexions are left blank. For example, to cord the 
treadle 1, put a raising-cord to the back leaf, and four 
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sinking cords to each of the other. For the treadle 2, 
raise the second leaf and sink the remaining four, and 
so of the rest, the dot always denoting the leaf or 
leaves to be raised. The figure is drawn for the pur- 
pose of rendering the general principle of this kind of 
plans familiar to those who have not been previously 
acquainted wirii Jihem ; but those who have been ac- 
customed to manufacture or weave ornamented goods 
never take the trouble of Representing either heddlesor 
treadles as solid or distinct bodies. They content 
themselves with ruling a number of lines across a 
piece of paper, sufficient to make the intervals between 
these lines represent the number of leaves required. 
Upon these intervals they merely mark the succes- 
sion of the draught, w ithout producing every line to re- 
semble a thread of warp. At the left hand they draw 
as many lines across the former as will afford an in- 
terval for each treadle, and in the square's formed by 
the intersections of the>e lines they place the dots, 
spots, or cyphers, which denote the rising cords. |t 
is also common to continue tin* cross lines which de- 
note tin* treadles a considerable length beyond the 
intersections, and to mark by dots placed diagonally 
in the intervals the order, or succession, in which the 
treadles are t r fje pressed down in weaving. 

Figure 100. represents the regulator rim-tweel, 
which, as every leaf rises in regulaj^ succession while 
the rest are sunk, interweaves the warp and woof only 
at every fifth interval ; and, ps tlie succession is uni- 
form, the cloth when woven presents the appearance of 
parallel diagonal lines at an angle of about 45° over 
all the surface. When there is no other figure upon 
the cloth and the fabric is fine, this produces a very 
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pleading effect, and is much used. The wood-cut, 
figure 101, represents die draught and cording of 
striped* dimity of a tweel of five leaves. This is 
the most simple spqcies of fanciful tweeling. It con- 
sists of ten leaves, o\ double the number of the com- 
mon tweel. These ten leaves are moved by only 
five treadles, in the same manner a* a ‘common tweel. 
The design is formed by one set of the leaves flushing 
the warp, and the other set the weft. 

Here the stripe is formed by ten threads, alternately 
drawn through each of the two sets of leaves. In this 
ease the stripe and the intervals will be equally broad, 
and what is the stripe upon one f side of the cloth will 
be the interval on the other, and conversely. Great 
varieties of patterns may be introduced by drawing 
the warp in greater or smaller portions through either 
set. The tweel is of the regular kind, but may be 
broken by placing the cording spots alternately. The 
cording marks of the lower, or front leaves, are exactly 
the converse of the other set, for where a raising mark 
is placed upon one, it* is marked for sinking in the 
other; that is to say, the mark is omitted, and all 
leaves which sink in the one are marked for raising in 
the other; thus, in the back set one thread rises in suc- 
cession and four sink ; but in the front set four rise 
and only one sinks. The weft passing over the four 
sunk threads and under the raised one, in the first case 
is flushed above, %ut in the second the reverse occurs, 
or it is flushed below, pud thus the appearance of a 
stripe is given. 

Among the varieties of texture produced by the 
loom that of common gauze, or linau, a substance 
much used for various light purposes, deserves to be 
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explained. A section of its web is represented in 
%• 102. The essential difference between this fabric 
and those hitherto described consists in the warp being 
twined or twisted like a rope during the operation of 
weaving, whereby the cloth acquires a considerable 
resemblance to lace. The twisting of the warp by the 

Flff. iro. Cotnmmt (inur. 

working of the heddlcs is not continued in the same 
direction, but is effected alternately from right to left, 
and from left to right, between every intersection of 
the weft. The texture of gauze is always open, flimsy, 
and transparent, but from the twining of the warp it 
possesses an uncommon degree of strength and tena- 
city, in proportion to the quantity of materials which 
it contains. This quality, together with its transpa- 
rency, fits it for ornamental purposes of various kinds, 
particularly for flowering or figuring either with the' 
needle or in the loom. In the warp of gauze a much 
greater degree of contraction takes place during the 
weaving than in plain ortwccled goods, where no such 
twist is given to the warp yarns. By inspecting the 
figu re it will he seen that the twisting between every 
intersection of weft amounts to one complete revolution 
of two contiguous threads. Hence finatt possesses 
this peculiarity; that the same thread of warp is always 
above the weft in the loom, and the adjoining thread is 
always below it. • 

The draw -loom is one of the most complete and intri- 
cate machines used in the weaving of ornamental cloth. 
There is no variety of pattern or figure, however ex- 
tensive, which can be brought within the range of cloth 
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of the largest dimensions but may be produced by tide 
multiform; though costly apparatus. Draw-looms are 
used far three purposes in this country — for weaving 
spotted muslins, ddhnaskn, and carpets. The general 
principle* of the construction are in all cases the same, 
but they are modified according to the specific appli- 
cation. When patterns become so diversified that the 
number of hedges necessary for moving the warp in 
its configurations edh Id neither he included within any 
moderate bounds, nor worked by any ordinary power, 
recourse must, he had 16 the draw-loom. Of all the 
machines of thislund, that for weaving damasks is the 
most complicated; in some cases it contains 120 do 
signs of teu spaces each, ft number equivalent to 1,200 
leaves of the diaper-heddlc harness, or 0,000 of the 
loaves such as are used for dimity or common tweeling. 
The general principle of the draw-loom harness, and 
the mode by which the flushing is reversed, is in every 
respect the same as that of the diaper, the diflerence 
consisting solely in the greater capabilities of the draw- 
loom, and the method of mounting and working it. 

The wood-cut, fig. 103, shows a perspective view of 
the harness part of a draw -loom, and of the apparatus 
for working it. The harness cords of a draw-loom arc 
of necessity so numerous and so closely crowded toge- 
ther, that any representation of the Whole, even upon 
a very large scale, must convey an inadequate idea of 
their structure ami operation. A few. therefore, only, 
are here exhibited af intervals to illustrate the mode 
of constructing them ; and the principle being once 
well understood, may be extended to any number that 
convenience will admit. The harness of the draw- 
loom is not confined by leaves, but every cord carries 
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a mail or loop for the warp, and is kept st retailed by a 
weight. The weights attached to the Itamess are 
represented at L. A horizontal board or frame, C, is 
fixed across the loom, and is eithe' perforated with a 
number of small holes, or is divided by wires or pins, 
to serve as guides to the cords of the harness that pass 
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through them. When the range or extent of the design 
has been ascertained, by counting on the design-paper 
the greatest number of squares contained in it from 
right to led, the harness must be made to correspond 
with this range. Ldt the range be supposed to extend 
to 500 squares, and the whole breadth of the warp to 
contain 10,000 threads. If five threads are to be 
drawn through each mail, tjic number of mails com- 
posing the harness Will be *2,000, and four ranges of 
the pattern will comprehend the whole breadth. The 
divisions in the hoard C\ and the number of pulleys 
in the box or ease II, being adapted to this, the ope- 
rator may proceed to put up .his harness, which is 
done as follows : — The 1st, 501st, 1,001st, and 1,501st 
harness-twines, after being passed through their re- 
spective intervals in the board or frame V, are to bo 
knotted together at M. A cord being attached to 
these, is carried over the first pulley in the cast' JI, 
and is made fast to the piece of wood Ci, which is com- 
monly called the tubU\ The 2d, 502d, l,002d, and 
1 ,502d are next connected in the same way, and the 
cord attached to them, passing over the second pulley, 
is fastened to the table as before. The same opera- 
tion is successively carried on until the whole 500 con- 
nexions are completed. The cords at 13 passing over 
the pulleys and fastened to the table are culled, the 
tail of the harness. From each cord in the tail a 
vertical cord descends, and is made fast to a piece of 
wood, K, which is lashed to a fixture in the floor. 
These cords, represented at D, are culled simples. The 
draught of the warp through the mails of the harness 
is regularly progressive from right to left as in com- 
mon tvveeliug, and the draught cording and mounting 
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of the front leaves are exactly the same as in diaper. 
A stout cord is now stretched perpendicularly from 
the roof to the floor, and made fastest both ends. This 
cord is seen at I. The loom is noy ready to be adapted 
to work to any pattern of the range of 500 squares or 
mails. §9 

The next operStion, therefore, is to apply a certain 
number of small cords, willed lashes, as shewn at H, 
in order toform the particular patient required. 'Iltia 
is called reading on the design, and from its com- 
plexity, and the injurious consequences of a slight 
error, it is performed by two persons in concert. The 
first individual selects front the design-paper the 
simples to which lashes are to be applied in succession, 
and the second applies these lashes according to the 
instructions communicated by the first. In reading 
or selecting the lashes in their proper rotation they 
should bear in mind that the whole range of squares 
from right to left, between the extreme points of the 
pattern, is equal to the number of simples, and thfl 
whole range from top to bottom is equal to the num- 
ber bf operations which those simples are to undergo. 
The person who i» to select takes, therefore, the de- 
sign-paper, begins at the lowest square, and, counting 
from the right hand, instructs the other to pass as 
many simples as there are blank squares upon the 
paper, to put laches to as many as are coloured, again 
to pass over the blanks, to take the coloured squares, 
and so on till he has reached fheWt side of the pat- 
tern. When these lashes liave been applied, which is 
done by passing each loosely round the simples which 
. it is to work, they are knotted together, and attached 
to the cord I, by a loop, so that they may slide up and 
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down freely, both upon the cord and the simples. 
Proceeding to the second square from the bottom, the 
selection is made in the same way, and thus they con- 
tinue until they h&re reached the top. The lashes 
being now in clusters uj>on the cord I, these clusters 
are connected at convenient distances from each other 
by small cords represented at PI the first applied 
cluster being the lowest upon the cord I. 

The draw-loom Wing now ready for work, the ope- 
rators may begin to weave ; two persons being required 
to work tlie machine. One of them pulls down the 
firAt set of lashes, the whole of which are placed high 
upon the cord I, and, by pulling them tight, he draws 
the simples with which they are connected clear of all 
the rest. Then by grasping these simples firmly in 
his hand, and pulling them down, he tightens the tail- 
cords at B by making them diverge more from a 
straight line, and of course raises the mails which are 
attached to them by the harness-twines at M. The 
weaver then works over his front mounting, as in com- 
mon t weeding, once or oBener, if more squares than 
one upon the design-paper are included between the 
same parallel straight lines from top to bottom. 
When a change of the harness becomes necessary, the 
connecting cord K pulls down the second cluster of 
lashes, upon which the same operation^ performed as 
before. By these means, the simples,' however numer- 
ous (and in the ease we have supposed, they would 
amount to 500) are selected from each other with the 
greatest accuracy and ease. The successive perform- 
ance of the same operation completes the pattern; 
when it is necessary merely to push the lashes up again 
and begin a new one. 



In the harness of the spot draw-loom for muslins, as 
the warp is slender, short eyes of twine are substituted 
for the mails of wire. In the front mounting also, 
four leaves of heddles are used*, hut they are so 
mounted, that two leaves will go together either up or 
down, or in opposite directions. The heddles are con- 
structed like ttiosf for \%eaving plain cloth, and every 
thread is drawn through two heddles, being taken 
through the upper clofl or link of the one, and through 
the tinder link of the other. When the two leaves 
move in the same direction, the threads of warp are 
confined as in the clasp of a common heddlc ; hut 
when they move in a* contrary direction, they present 
all the facility of the long eye in allowing the thread 
to rise without interruption. 

Power- Loom or An tom otic Weaving. 

Without tracing minutely the first rude steps of 
this factory child, we shall proceed to describe the 
grandeur of its present state. Continuity of actio* 
is an essential principle of all ‘mechanisms imjielled 
by the force of steam or running water; while alter- 
nate effort and repose are the characters of human 
labour. Ilence the interruptions in the movements of 
the shuttle which take place while the weaver is dress- 
ing a certain portion of the web, and which serve to 
diversify his labour, would 1k» intolerable in a factory 
where power and time must be economized to the ut- 
most. It became, therefore, a matter of primary im- 
portance to combine with the automatic loom an auto- 
matic dressing machine. By the commencement of 
this century, the mechanism of the power-loom had 
been so for perfected by rival inventors as to demon- 
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strata its practical value, provided a good system of 
dressing the elm in or warp could be devised. This 
want was not long of being supplied. In the year 
1804; Mr. Johnson* of Stockport, obtained a patent for 
a method of dressingVi whole web at once by a self-act- 
ing machine. An improvement was made updh it by 
Mr. Mac Adam in 1800, which was immediately re- 
alized on a considerable scab* in Mr. Monteith's weav- 
ing factory at Poildckshaws, near Glasgow. This was 
probably the first web-dressing mechanism whiohJon- 
tinned to give satisfaction to the manufacturer during 
a series of years. 

Certain defects in this apparatus were, after a little 
while, removed by the warp-dressing machine of 
Messrs. I loss and RadcliftV, of Stockport. The 
Chamber of Commerce, of Manchester, were so much 
convinced of the value of the improvements introduced 
by these gentlemen, that they forwarded a memorial 
to the Lords of the 'Treasury soliciting a reward to the 
ingenious inventors. They here state “ that the effects 
of the new method have been to bring t ho whole pro- 
cess of the manufacture (of cotton) from the raw ma- 
terial to the clot It into one connected series of opera- 
tions, by means of which a cheaper, more uniform, and 
better fabric 1ms been produced. Unit for introducing 
this greatly improved system the public is indebted to 
the persevering efforts of Messrs. Radcliffe and Ross, 
of Stockport, who, it appears, had expended their 
whole capital in bringing it to maturity, awl were, in 
consequence, unable to remunerate themselves by tbo 
use and application of their own plans. That Messrs. 
Radcliffe awl Ross are, therefore, in the opinion of 
your memorialists, justly entitled to be recompensed 
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by the public for the advantage derived from the adop* 
tion of this system/* From a letter addressed to he 
Lords of the Treasury by Mr. Radcliffe, in June, |825, 
it would appear that the prayer of the above memo- 
rial was unsuccessful. 

Weltow proceed to describe the power-loom in its 
most practicable state, as constructed by the celebrated 
mechanician*, Messrs. Slptrp and Roberts, of Man- 
chester. It lias taken no less than a century and a 
half/to mature this admirable substitute for one of 
the most irksome but indispensable labours of man. 
Desgenncs announced in the 44 Philosophical Transac- 
tions/* so long agousjhe yeur 1078, that he had con- 
trived an automatic loom, possessing, as he thought, all 
the qualities only now realized ; so great is the interval 
often between the speculative idea of a machine, and 
its effective execution, in consequence of the delicate 
compensations and adjustments which experience alone 
can discover. It was not till Jlorroeks of Stock- 
port, in 1813, after a long, laborious, and most costly* 
career of experiment*, introduced some very import- 
ant modifications into the power-loom, that it began to 
act any considerable part in our cotton manufacture* 
Horrocks, however, did not reap the reward due to his 
ingenuity, having omitted certain minutia' in the con- 
struction of hi .machine, which interfered with its uni- 
formity of performance, and thus allowed the prize 
of excellence to be won by his successors. II is power- 
loom is described w ith figures iq the Repertory of Aria 
and Manufactures for the year 1814. On that basis 

* Ha had obtained one patent for a power-loom in 1803, and 
another in 1805. 
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Messrs. Sharp and Roberto have made their accom- 
plished mechanism. 

Towards tho end of the year 1829, M. Emile Doll- 
fits, as chairman of their committee of mechanics, 
made to the Societe Indust rielle of Mulhausen an inter- 
esting report, replete with new and valuable Experi- 
mental facts, upon the different power-looms then em- 
ployed in the cotton factorips of Alsace. This report 
was published in tile bulletin of the society for the year 
1830, accompanied with several plates representing 
the ingenious power- looms of M. Josue Heilrnanty/Af. 
Jourdain, MM. Risler and Dixon, and finally that of 
Messrs. Sharp and Roberts, .as constructed in the 
great workshops of MM. Audre Koochlin and Com- 
pany, at Mulhausen. 

One new feature of Mr. Ilorrocks’ loom was the 
lathe being made by compound levers to advance quickly 
80 as to give an effective stroke* to the weft, and then 
to retire quickly to a stationary position. By this 
'means, the shuttle was allowed to pass through the 
shed while the lathe to as standing still ; a larger shuttle 
might he used, capable of holding a full-sized cop; 
the waste of weft from the bottoms in the cops be- 
came less ; from the smartness of the stroke, less weight 
for tension was required upon the yarn-beam, and there- 
fore less power was required to move the healds or 
heddlos from the smaller tension of the warp. From 
this cause, also, less moving force would be expended, 
fewer threads would break in the working, and more 
threads of the weft could be condensed into the inch, 
makin g a stronger and more uniform fabric. 
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description of Sharp and Roberts* improved fbrer- 
Loom . 

Figs. 104 and 106 are two side? elevations; and fig. 
105 is a front view. 

Tljpso parts in the engraving/ marked with the letter 
A, compose the frame- work of the loom. B is the 
usual outrigger, or fast and loose pulleys, upon the 
principal or crank shaff. C is q small fly-wheel for 
equalizing any casual irregularities of motion in the 
taacfiinc. 

Upon the other end of the main shaft is a wheel, D. 
figs. 105 and 106, driving another wheel, IX with 
double the number of teeth, upon the shaft, E, which 
makes, therefore, only half as many revolutions as the 
main or crank shaft, B. The shaft, E, is called the 
tappet or wiper shaft : it raises and lowers the treadles, 
and throws the shuttle, while the shaft, B, by means 
of its cranks, F, figs. 104 and 106, drives home the 
weft towards tin* finished cloth, or works the batten. 

Tin* cranks, F. are connect ecj with the two lexers, C3, 
G, called the swords of the lay, to which the batten 
II is made fast, which carries the reed in its middle, 
and the slmttle-boxes, //, h, at its ends, see fig. 105. 

I is the warp -beam. Tin? warp- yarns pass from it 
over the roller? K, through the heddles L, through the 
reed J\ over tfie breast beam M (having been now 
changed into cloth). This is finally wound upon the 
roller, X, or cloth-beam. This roller bears at otic end 
a toothed wheel, a, which is flnovod slowly by a small 
pinion, «c , (fig. 104) upon the axis of the ratchet - wheel, 6. 
This latter wheel is turned round a little after every 
throw of the shuttle, or shoot of the weft, by means of a 

o 2 
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stud, c, (figs, 105 and 106), fixed upon the side of the 
lever, G, and pressing against the other lever d, with 
which a click is connected. The degree of motion of the 
ratchet is regulated according to the quality of the cloth, 
by fixing the click in Afferent holes of the (dotted) lever, 
d* The lifting of the heddle, L, is performed by two 
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iccentrie tappet* or wipes*, O, O', upon the shaft, E, 

riiich press the treadle-levers, P, I* alternately up and 
down. These levers are connected by strings or wires 
with their respective heddles, which are in their turn 
placed in communication by stiaps which play over 
the sm$lf>olh^, c, e at the top of the loom. 

In fig. 105, tHb levers, J\ P', have been shown in 
section, in order to explain the way in which the ec- 
cejprics, tappets, or cams, work tfirough the mterven- 
two small friction-rollcr^^iiade fast to the 

wiferti. 

The shuttle is thrown by the two levers. Q, Q, which 
are alternately moved with a jerk* by the rollers, ft, 
fixed by arms on the shaft, E, and working upon cams 
S, connected with the shafts of the arms, Q, Q. These 
turns, which represent the right arm of the hand- 
loom weaver, are united by tbc pccking-cord, T, which 
is mounted with a spring of spiral wire, so that either 
arm may be; brought to its proi>er relative position. 

The shuttle is lodged in one of the boxes , ff t of thfi 
batten, H, and is driven across along its shed-way by 
one of the pickers, £, g 9 which run on the two parallel 
guide-wires, //, //, and are connected with the peg* 
arms, Q, by strong cords. See fig. 105. 

If by any aecjdent ^jc shuttle should stick in the 
shed-way, the blows of (he lay, or batten, H, against if, 
would very soon cause the warp to be torn to pieces. 
In order to guard against this misfortune a contrivance 
has been introduced for stopping* the loom immedi- 
ately, in case the shuttle should not come hqme into 
its cell. ^Under the batten II, fig. 106, Jhere is a 
small shaft, «, figs. 104 and 106, on each side of 
which a lever, /, f , fig. 104, is fixed. These two levers 
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an p rated by springs against other levers, m, m, whwdi' 
outer partly into the shuttle-bore*. They act then a# 
brakes to soften the iibpulse or the shuttle, and allcw.also, 
the point of the lever, l, to fell downwards into a Hlli» 
with the prominence a\ «, provided the shuttles do net 
enter in and press the spring-point, m, backwards, and 1 








I hereby the upright arm of the bent lever* /', onwards, 
so as to raise its horizontal arm, l, above it. When this 
does not take place, that is, when . he shuttle has not 
gone fairly home, the leyer, /, hangs down, strikes 
against the obstacle n, moves thij piece forwards, so os 
to press against the spring le\er or trigger o, o, whicli 
leaps from its # caich or # detent, shifts the fork, y/. p, 
with its strap, from the fast to the loose pulley at B, tig. 
105/ and thus in a twinkling, arr£st«f every motiou of 
tbbinachine. Srr figs. 10 I and 105 at the right-hand 
sides. 

The shuttle is represented (tig. 107) in a top \iew, 
and fig. UN in a side # \iew. It is made of a piece of 
box wood, exea\atcd by a mortise in tlx* middle, and 
tapervd off at its ends, the tip-, being .shod with iron- 
points to protect them from injury by blows against the 
guides and the bottoms of the boxes. 

In the hollow pail. n. b, there is a skewer or spindle, 
c, M‘cn in dotted lines. One end of this skewei turns 
round about the axis, </, to allow it to conn* out of the 
mortise when the cop is to be pftt on. 

e (see the dotted line^ in fig. UN, is the spring 
which keeps the spindle, r, in its place by pressing 
against one of the sides of the sejuarc ends of the 
spindle. / is # a projecting pin, or little stud, again* 
which the spindle, r, bears, when laid in its place, g 
is a hole in one side of the shuttle, bushed with i\ory, 
through which the thread passe**, after being drawn 
through a slit in the centre />f a brass plate, h> In 
that side of the shuttle which is furnished with the eye- 
hole, there is a groo\e extending it* whole length for 
receiving the thread in its unwinding from the cop. 
The under surface of the shuttle, which slides over the 
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Warp-shed, is made smooth from end to ekid by means 
of two wires, which abate the friction. 

* Thus we see that|in the power-loom, there are eight 
poiiits to be considered : — 

1. The framework ^)f the machine. 

2. The mechanism connected with the warp. 

3. The movement of the heulds ordiechlles. 

c 

4. The movement of the lpthe or batten. 

5. The movemenf of the shuttle. 

6. The mechanical arrangements of the whole ma- 

eliine. ’ * 

7 . The mode of action, or working of the several 

parts. , 

8. The methods of throwing the loom out of geer. ' 
1. The frame -work is of east iron, and is composed of 

two sides, e.ieh being cast in a single piece marked A 
in file tluv** figures, in \\ hieh are veil an upright at each 
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end, a cross-bar at top and bottom, with a curved bar 
diagonally placed. Upon the front of tho uprights in 
fig. 105, immediately above the|letter A, there are 
notched brackets for supporting the iron axes of the 
cloth-beam. N. On the back uprights of the loom, 
there is a slot-bar for supporting the axes of the wurp- 
beam. I, see flg. J01. Towards the middle of the top 
rails of each hide the vertical prolongation terminates 
in the arch A'. 

Tho cross binding rails which unite the two faces 
and the two ends of tin* loom are,— 

1. The great arched rail. A', iig. 105, shaped like a 
basket-handle. \\hich # e made fast b\ screw-bolts and 
nuts of which die houls are seen under A 9 in fig. 101. 
This arc is destined to Mippoit the hoddle*. c. e. 

2. The front cross. rail, A', fig. 105, bifurcated at 
the ends to aflbrd a greater extent of binding surface 
w it h the uprights. 

• >. The back cross-rail ( not seen in these \iew sj, per- 
fectly similar to the front one, A'. 

The fj amo-woik is ovoodiftgH substantial, and 
stands steadih upon four large foot. 'llie floor which 
bear', it should be free from tremor, a stone or brick 
floor, on tho ground ston, l>eing the best. 

2. 2 * * * * * * 9 Arrangement of the Warp. 

The warp is wound, as we have said, upon the cylin- 

drir wooden beam, I, figs. 104 and 100, from which it 

passe* over the gukle-frict ion, roller, K, whereby it in 
brought into a horizontal plane suited to the play of 

the shuttle and the lathe. The cloth 'being formed at 

r, figs. 104 and 106, progressively slides over the strong* 

breast-beam, M, and is wound upon the clot! i-bcatn, N. 

o 5 
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It is essential to good work in the power-loom, that 
the warp and the cloth be uniformly stretched to the 
proper tension durirxg the whole process of weaving ; 
for if it become at any time greater, more force will 
be required to move t^e heel dies in opening the shed, 
the yarns will get broken, and one shoot cannot be 
driven so close home upon another as when the ten- 
sion is less. On the other hand, if the web be left too 
slock, tlie shoot of weft will be driven too far into the 
shod, and will thereby ride, in some measure, over the 
warp. It would not be difficult to give the chain the 
requisite degree of tension for the particular style of 
gowk were it not. necessary to maintain it at the same 
pitch all the time that the cloth is winding, and the 
warp unwinding about their respective rollers^ The 
warp-beam, 1, has, at each of its ends, a large wooden 
pulley (one is seen in tig. 101,) which are fixed by 
screws upon the disc iron plate ; round that pulley' a 
cord makes two or more turns, and then bangs down 
tiith the tension weight at its end (see fig. 10*1) ; a 
lighter counter-weight, not seen in this view, hangs in- 
teriorly from the other end of the cord. The weight, .v, 
consists of round plates of cast-iron, and it may, there- 
fore, be modified at pleasure by increasing or diminish- 
ing their number. 

The roller, K, may be raised or lowered upon its 
rack-work upright, as shown in fig. 104. 

The surface of the breast -beam, M, slopes slightly, 
and is* made very smooth to facilitate the sliding mo- 
tion of the cloth in its way to be wound upon X. 

The cloth- roller, X, hears upon one of its iron §txes 
prolonged the toothed wheel, a, which works into -a 
pinion (seen in dotted lines, n, in fig. 104,) upon the 



axis of the ratchet-wheel, b. Hence if the ratchet- 
wheel be turned round, it will turn the pinion, tt, and 
the wheel, a, on the shaft of the cylinder, N, so as to 
wind up the cloth as it is made. v The click-lever on 
Ole top of tile ratchet-wheel makes it hold whatever it 
hue got, and thereby prevents the cloth from unrolling. 

3. Movement of the H eddies. 

These are of the usual construction in this power- 
loom ; they are shown in section at*L. L\ fig. 100, and in 
front view in fig. 105. The loops or eyes, i\ fig. 106, 
through \\ hich one-half of the threads of the warp passes, 
lie in two ranges ; as also the loops, r\ of the other hed- 
dles, which transmit the other half of the threads. The 
loops are arranged in two ranks, and in different planes 
(on different levels.) in order that the warp-yarns in 
passing may l>e brought eloser together. Thus the 
even number* of threads, 2, 6, 10, which belong 
to the heddle, L, pass in the loops of the first on ipper 
range, and the numbers. I. S. 12, Xrc.. in those of the 
second range; and the odd number* of threads 1,5, 
t), &<\, which belong to treadle, L', pass in those of it* 
upper range, and the numbers, 3* 7, 1 1. &e... in those 
of the second. 

With the same view there are two heddle-stieks at 
L, IA so that® the threads vvliich belong to the first 
range of loops may be received over the two front rods 
above and below, and the threads which belong to the 
second range may be received over the two back rods* 
In fig. 106 the line of division*)’* shown in the middle of 
the section of the heddle-rods at L. The same take* 
place with the other heddle, IA 
* The rods of the first hed die-leaf are each attached 
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ajjoveto two c ords terminating in leather straps t, 
(fig. 105) the ends of x which are nailed to the wooden 
pulleys, as shown |p # seetion at e, figs. 104 and 106. 
The nods of the second heddle-leaf are in like manner 
attached by two cords* with two leather straps nailed 
to similar pulleys. Thl last two pulleys hare a smaller} 
diameter than the first. Both systems' of pulleys are 
fixed upon an iron shaft, which turns in the notch- 
bearings of the bracket projecting from the point* 
A f , of the basket-handle rail (as shown at e, fig. 
104). 

t . At their under part, the heddlc-lcaves are also 
attached hy two cords to two strong wooden bars, U, V, 
to the, middle of which are fixetf the iron rods, O, O, 
which are jointed to the treadle- marches, or steps, P, 
P'. These are connected by screw-joints (fig/105), 
so that the point of attachment may be varied accord- 
ing to circumstances. 

‘ We must now show how the treadles or marches, 
P 0 P, (figs. 104 and 106) are raised and lowered, and 
how they effect, at thor same time, the elevation and 
depression of the heddles 

In tigs. 104 ami 106 are seen the two bent lever-bars, 
P, P\ which turn upon a fulcrum at W, and which 
are prevented from deviating sidewise by the upright 
fixed bars, which pass through slits in flteir middle, as 
shown in fig. 106. When the march or lever, P, is 
poshed down, depressing the front heddles, the lever, 
Pf, necessarily rises,, because the one leather strap 
cannot roll round the pulley, a, without unrolling the 
ether, and reciprocally. In order to shed the warp 
alternately, first in one direction and then in another, 
nothing is required but to depress, in succenioti, each 
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of the treadles or levers* P, P, taking care not to 
obstruct the motion of the rising one. 

The movements, 4 of tho *1&Jton, and 5 which 
throws the shuttle, are essen{iofty a little complicated. 
Hot so much from any difficulty of giving them the 
requisite velocity, as from the necessity of making them 
start precisely ^at, an instant, dependent not merely on 
the position of the hetldles, hut on that also of the 
batten .— See pages 302, 1303. 

G, 7. The Com mini i cat ion of Motion, or the Train 
of the Working Parts, 

The driving-slmft, which puts the whole machine in 
motion, is represent etf by 13, figs. 104 and 10G. is 
supported by the upper cross-rails, which extend 
beyond the side-frames, to carry upon the right hand 
the toothed wheel, 1), fig. 106, and to the left the 
pulleys or outriggers, C, fig. 104, upon which (he 
steam-belt runs. Inside of the frame, opposite each of 
the swords, G, of the batten, there is a crank m<v 
chan ism, B, l«\ upon the driving-shaft, to which the 
links, F, »/, are adjusted which move the batten. It 
is therefore evident that, for every turn of the fly- 
wheel, C, or the steam pulley-shaft, the batten must 
make a complete vibration to and fro, advancing each 
time so as toljrat up the shoot of weft at exactly the 
same point. Hence if the maiu-shaft make 120 revo- 
lutions in the minute, the shuttle must pass 120 times 
along the shuttle-rail. 

The toothed wheel, D, figs. \05 and 106, making as 
many turns as the fly-wheel, works in the toothed 
wheel. O', of double diameter, and therefore commuiu* 
cates to it half its own velocity. This wheel, D\ is made 



fait to one of the extremities of the tappet, or wiper- 
shaft, E, (figs. 104, and 106,) whose two bearings 
are in. the curved rails, X, fig. *104. This 

shaft, E, is moreover supported in the middle by a 
clamp-collar, between O and O, fig. 105, in order to 
guard it against the lea$t flexure, in consequence of the 
heavy strains it is exposed to in movipgxhe treadles. 

The eccentrics, O, O', are mounted upon the shaft, 
E, and turning with it, impart alternate pressure to 
the marches or treadles, P, P, as wt^l as to the pecking 
arms, Q, Q'. The effect oi these eccentrics may be 
readily conceived from their being of a spiral form, 
but with their curves placed in opposite positions. 
Hence if from the common centre of the two eccentrics 
any radius be drawn to the two circumferences, the 
sum of the two portions of it, intercepted by the centre 
and each circumference will be a constant quantity, 
which is the essential condition to be fulfilled by these 
eccentrics, to give equal alternate impulsions. 

, The ratio between the greater ami smaller curva- 
ture of these eccentrics, depends upon the extent of 
the opening or shedding of the warp, for the shuttle- 
race. In the figures here engraved, the measure- 
ments are 1 and J inch, which, by the scale of 1 
inch to the foot, gives 3 inches and 6 inches ; and as 
* the bottoms of the upright rods, winch move the 
baddies, work in the levers, P, at a distance from the 
ftatertini, W, one- half greater than the eccentrics, O, 
nr as the fraction } ; .the movement of the heddles will 
hef x3 inches =r 4J inches. In order to open the 
shad still more, the lower ends of the heddle-rods 
wotddf need merely to be removed by the dots and 
nuts farther from the fulcrum, W, that is, nearer to the 
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greater eccentric! tymay be usg«j|* 

It is obvious that there shoBBp a certain relation 
between the position of the crank elbows, R, F, figs, 
104, 106, and the position of the eccentrics, O. Thus, 
in figs. 104 and 105, the main-shaft must make one* 
quarter of a turn beforqthe crank, F, with its link, F 
y, can strike the batten, JI, against the shoot of weft. 
During this quarter of a turn, the tappet shaft, E, 
moving with om*-helf th^peed, will make only one- 
eighth of a turn. Tile position of the eccentrics must 
be nicely adjusted upon their shaft, to that of the 
crank, and firmly fixt^l in thut position, so that the 
batten nmy strike home the shoot upon the closed 
warp, or upon the warp still partly shed, as may be 
thought preferable. In the position shown by the 
figures the lay will strike somewhat before the closing 
of the shed ; for the eccentric or tapptit-shaft, ft, will 
make one-eighth of a turn, equivalent to one-quarter 
of a heddle-stroke, while the.crank-shaft, B, will make 
the quarter of a revolution requisite to drive home the 
lay upon the shoot. 

We may now readily apprehend in what manner 
the double arm throws the shuttle at the proper 
moment. Tty? two levers, (figs. 104 and 105), which 
produce the pecking motion, are actuated by two fric* 
tion-rollers, (one of which is seen to the right of B , 
fig. 104,) attached to the eccentrics or tappets, and 
diametrically opposite the one ' to the other. By 
shifting the position of these projecting rollers in the 
curved slot of the eccentric, R, the throwing of die 
shuttle, effected by their striking down the pecking 
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l«y^r, may be adjusted to any pointin the revolution, 
of-dhe tappet -shaft, ^hich mom the huddles. ; A* 
the shuttle can be|thrown, however, only when the. 
warp ia open in a considerable degree, the screw-holts 
which carry the wiper-rollers cannot be moved beyond 
the space included wifliin the extremities of the great 
arcs of the eccentrics. And since there hre tworoUers 
diametrically opposite, it is obvious that in each com- 
plete revolution of the eccentrics, the shuttle must be 
thrown twice ; and as each, of the, sc revolutions cor- 
responds to two revolutions of the crank-shaft, or two 
strokes of the batten, there will result, as there ought 
to do, one stroke of the battens for every passage of 
the shuttle. — For point 8, see page 

1 have seen this power-loom weaving at very various 
Speeds, from one hundred pecks or shoots in the 
minute, up to one hundred and eighty. The average 
number in the most improved loom-shops for weaving 
calico, may be reckoned one hundred a ml twenty. 

Near to each of its ends the warp-beam has two 
square-grooved largo wooden pulleys, which are fixed 
by screws upon the cast-iron discs. These discs have 
a hollow socket in their centres for receiving the end# 
of the beam; and they also are fixed by four screws, 
which pass down through this socket into the wood. 
To give them a firmer hold, the sockets have a pro- 
jecting feuther or wedge within, which fits into a 
square groove or mortise cut in the side of the roller* 
Round the smaller •puljey a cord makes two turns, 
carrying upon its inner extremity a light weight and 
upon its outer ono a much heavier weight Routal 
the larger pulley, at the other end of the warp-beanv 



£ Similar tension coni passes, but it makes four turns, 
bearing analogous weights to tbs^ormer pulley. One 
Of these weights is seen at s, figs. 104, 106. 

' When the warp has been made fast, by securing its 
ends in the longitudinal groovy of the beam and by 
fbrcing fhe wedge- rule down upon the threads, and 
whert lt has been led ovej the guide-roller, K, and the 
brOast-beam, M, and is tied in several little parcels to 
die cloth-beam, N, held by its ratchet-wheel, it will 
be stretched to a degree determined by the difference 
of the abore pulley-weights. 

Let us recapitulate the train of its decussating 
operations beginning al the moment when the shed is 
closed, that is, when the two heddie- leaves are at the 
same level, as well as the tappets of the treadles, 
which are now pressed by the intersecting points of 
the tappet -wheels. The batten is likewise at the 
limit of its advance, in the direction of the cloth, 
namely, striking home the shoot of weft. Supposing 
the loom to make 120 pecks in the minute, it will 
make, of course, a single peck in half a second ; hence 
the fly-shaft makes a turn in half a second, and the 
tappet or eccentric-shaft makes a turn in a whole 
second. In moving from the above position the 
tappet-wheels must make ^ of a revolution in order 
to open the wfcrp-shed completely, during which 
movement fa of a second will elapse : it remains open 
Aof a second, and takes again fa of a second to 
dose, so that fa, or one-half of a second, elapse be- 
tween the moment when the wdrp begins to open, and 
the moment of its closing, while it remains completely 
open fa of a second 

The shuttle is thrown at the moment when the 
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tappet-r otter at R, strikes the. bent lever P beneath; 
but the warp must not be merely opened for the. 
shuttle to be thrown; the batten must be then at ita 
utmost limit towards the heddles, in order to give die 
shuttle " ample room and verge enough.” This is 
the condition which det ermines the place of the tappet* 
rollers upon the eccentrics. As tlie batlfcn arrives near 
the heddles alter ^ of a secpml, it is obvious that the 
said roller should Strike its lever a little before of 
a second have elapsed, or a little before the middle of 
the great arc of the eccentric; thus the shuttle starts be- 
fore the batten has receded to its utmost limit towards 
the heddles, and it should have run through a little 
more than one-half of its race when the bitten reaches 
that limit, so that it may arrive in time at the other end. 

When the shuttle completes its race, the batten has 
already passed the limit of its excursion towards the 
heddles, ami is oil its return to strike home the shoot 
of weft newly placed between the two portions of the 
<* pencil warp. It has now its maximum velocity, be- 
cause the cranks, B, *F, are at nearly right angles to 
tlie links which move the swords, (7, of the battens. 
This velocity diminishes in order that when the dents 
of the reed, borne along by tlie lay, come into contact 
with the weft to drive it home, they may act by gentle 
pressure rather than by a blow, so asiiot to injure the 
yarn. The warp being dosed at I he same instant, the 
pressure does not aftect the loops of the heddles, but 
is exercised upon the v\arp and the cloth, wholly in a 
longitudinal direction. * 

Mr. Roberts obtained a patent, so long ago as No* 
vomber, 1822, for a power-loom having six heddles, 
adapted to weave twilled cloths or fustians, and attdt 
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otber fabrics as have (he threads crossed b wearing, In 
that peculiar manner called twill. In this case, the 
tappet-wheel is formed of two equtfi parallel rims, a 
few inches apart, which carry between them nine small 
axles ; on each of these axles ye six small friction- 
rollers, making^.!)! the whole, fifty-four friction- rollers. 
These rollers are intended to act upon twelve curved 
lever-treadles (such as IN P, in the immediately pre- 
ceding description). This tappet- wheel, by its revolu- 
tion, causes the said friction- rollers to strike alternately 
upon one or other of the treadle -levers, and to force them 
down, by which means the respective heddlcs are de- 
pressed and raised at certain parts of the operation, so 
as to draw the sheds of the warp up or down to permit 
the shuttle to pass, and to dispose the warp according 
to that particular arrangement which is calculated to 
produce a twilled fabric. In order to vary the twill 
the friction -rollers are capable of being shifted, and, by 
so disposing the collets between the rollers, certain of 
them may be placed so as not to art upon one or mono* 
of the treadle-levers. The other arrangements of this 
twill-loom resemble those of the plain-work loom above 
described. 

The second improvement specified by Mr. Roberts 
under that patent, applies to that description of loom 
employed for the weaving of figured good*, and con- 
sists in certain machinery to be placed above the loom, 
for the purpose of effecting the niisipg and depressing 
of such parts of the warp as are* usually operated upon 
by the draw-boy. There is very considerable diffi- 
culty and labour in setting-in any particular pattern, 
figure, or design by the old mode, but they arc in a 
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great measure avoided by the plan proposed pnder* 
the present patent. 

Mr. Robert Bovlman, of Manchester, had, in Janu-, 
ary, 1821 , obtained a patent for an ingenious power- 
loom calculated to perform several of the functions 
assigned to that of Mr. Roberts. The patentee ob- 
serves, that the manner in which power-looms had 
been hitherto constructed did not admit of employing 
so many hcddles as were requisite for weaving those 
kinds of fabrics called fustians , — such as velvets, vel- 
veteens, corduroys, &<\, which are of the nature of 
twilled or tufted cloths. lie describes his present 
improvements as consisting of such simple modes of 
harnessing the heddles of power-looms, and of apply- 
ing the tappets or wipers to draw down the heddles, 
that lie is enabled to manufacture the beforo-d escribed 
cloths l>y power-looms, with the same facility and per- 
fection that they could be produced by band- weaving* 

The heddles (six in number) in Mr. Bowman's loom 
tire suspended by cords which proceed from the ex- 
tremities of levers at the top of the machine, and are 
also attached to another set of levers, or treadles, at 
its bottom. The moving mechanism is exterior to the 
cheeks of the loom, at the left-hand side. The outer 
ends of these lovers are connected bj cords or rods 
which brace the heddles to any required tension, and* 
being equipoised, are free either to rise or fall without 
causing any unnecessary strain upon the warp. The 
movement for raising and lowering the heddles is ob- 
tained by means of two sets of tappet- wheels, or rosets, 
as many in each set as there are heddles, which 
tappet-wheels are fixed upon two axles, — one above, 
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tbs other below, the main axle of the machine. The 
tappet -wheels or eccentrics are turned by means of a 
pinion upon the end of the main or^rank-shaft, which 
takes into the toothed wheels upon their axles, and each 
of the tappet* wheels is designed to make one revolution 
for nine shoots of the shuttle. 

In other respects this power-loom does not differ in 
principle from the one we have described in detail. It 
differs from Mr. Roberts’s fustian-loom, in having several 
tappet-wheels instead of one compound wheel, mounted 
with fifty-four friction -rollers, and in having its lever 
machinery on the outside of the end frame of the loom. 
Both are calculated to make good work, and well 
merit their respective sfiares of public approbation. 

Mr. William llorrocks, formerly of Stockport, after- 
wards of Port wood, in Cheshire, of whose improve- 
ments mention has been made, obtained a patent in 
December, 1H21, for an invention which consisted in 
adapting an apparatus to it for the purpose of wetting 
the warp and weft at Mated intervals during the pro-, 
cess of weaving, lie placed aa oblong trough, con- 
taining water, or a solution of soap and water, across 
the loom under the warp, which he applied by a rod 
or bar covered with cloth, which was made, by two 
short arms, alternately to descend into the trough aiul 
rise up to the under side of the warp, thereby convey- 
ing a small quantity of the liquid both to the waq> 
and well, so as to moisten them, and thereby enable the 
weaver to compress in the fabric an^ quantity of weft 
that may be required, 

I have not seen this scheme employed in any of the 
numerous power-loom shops which I visited. It is 
probable that the improved modes of dressing the 



tYyWQW COWEIl-LOOMS. 


^sarpaod preparing the weft-cops, ha^rend^pd^e 
ingenious appendage of Mr. Horrocks superfluous. . u 
A patent was granted,- in October, 1823, to Archibald 
Buchanan, Esq., of the Catrine Cotton Works, Ayr- 
shire, for an improved power-loom, to produce a 
variable speed in thv* vibration of the lay or batten, ao 
that the lay may be as nearly stationary as possible at 
the time the shuttle is passing through, while it may 
move with a rapid smart stroke when beating up the 
web. Thin invention was therefore confined to that 
part of the machinery which actuates the lay, and 
consists in the adaptation of two* eccentric toothed 
wheels to it. This adjustment exists in Roberts’ loom. 

It is stated by the patented that, in a loom so mo- 
dified, he cun project the shuttle across a web of a yard 
wide, at the rate of 130 times per minute, without 
producing more breaking of the threads than usually 
occurs in looms driven at the rate of 80 or 90 shoots 
per minute. 

I have seen this loom doing good work at the above 
speed in Scotland; but whether from the increased 
complexity of its construction, or whether from the 
improved mode of adjusting the* crank-lever mechanism 
above described, Mr. Buchanan’s loom has never come 
into general use iu the Lancashire district. His spe- 
cification is written in a clear philosophical style, cha- 
racteristic of his known scientific attainments. 

Messrs. Stanafield, Briggs, Prichard, and Barra- 
clough, of Leeds, or its vicinity, obtained a patent in 
July, 1823, for three improvements upon power- looms : 
the first two being peculiar modes of delivering the 
warp as it is needed, and the third a method of in- 
creasing and diminishing the tension of the warp, at 



% the purpose of assisting the operation of 

wearing. 

According to one of the plans, the warp is delirered 
bf means of a ratchet-wheel made fast to the end of its 
beam, which is drawn round by a pall or catch-arm, 
as described for turning the clofh-beam of Sharp and 
Roberts’ loom*, ‘with an adjustment, by the pressure of 
4k lever, for equating "the speed of rotation to the dimi- 
nishing diameter of the beam, as its warp is unwound. 

'lhe third improvement is a mode of varying the 
tension of the warp-threads, so as to relax them when 
the sheds are opening, and to draw them tight when 
the batten advances to beat up the weft. There are 
two small rollers extending across the back of the 
loom, — one immediately below the warp, the other 
above it : the former is pressed up against the threads 
by a small wire spring. By a cam, or heart -wheel 
and levers, the upper roller is made to press down upon 
the warp and tighten the yarns, and to rise up and 
leave them slack alternately. , 

This ingenious device seems i*ell adapted to the very 
extensile filaments of wool, or delicate silk threads ; 
but it has not, as far as 1 know, gained a footing in 
the cotton -factory loom-shops. 

In June. 1 **24, Mr. William Harwood Horrocks, of 
Stockport, obtained a patent for a newly invented ap- 
paratus for giving tension to the warp in looms ; con- 
sisting in a method of restraining the delivery of the 
warp by the friction of a hpop** which embraces a 
wheel at the end of the beam. This hoop is formed 
Of two semicircular bars of iron, which are made to 
embrace a pulley upon the end of the warp-beam, with 



a ie 


POWBH- LOOM & 

greater owlets force, by means of sere w- jmtr pasetag 
through toe junction-ends of the two halMioo|»*n un 
: Mr* Joseph Ciis&old * Daniel, of Stoke, Wilts, p* 
tented, in July, 1824, a power-loom for wearing 
woollen cloth, winch, on account of it* ingeniou* modir 
fication, merit* a brief-notice here. The novel features . 
are threefold : — 1. The introduction of- a spring behind 
the lay or batten to which the fcrank-rod is attached, 
that causes the lay to vibrate ; 2. The employment Of 
a weighted lever, which tumble* to and fro on the 
treadle-shaft, for the purpose of throwing the warp 
open to receive the shuttle ; and, 3. The introduction 
of oblique brushes, or card-rollers, in the breast-beam, 
in order to stretch the cloth out towards the sides, and 
prevent its wrinkling in the work-beam as it rolls up. 
Certain contrivances adapted to a power-loom, by 
which the warp- threads are given out from the beam, 
and the cloth taken up by the work-roll in a more ad? 
vantagoou* manner than has heretofore been effected, 
were made the subject of a patent granted to Mr. 
Thbmas Woolrich Staastield, of Leeds, in July, 1824. 
The warp- threads are here made to pass dounuards 
from their beam over two tension- rods at the back of 
the loom, and then up over the usual guide-roller 
which lies on a line with the shuttle-race and breast* 
beam. There is a lever attached to * the undermost 
tension-rod, which starts each time that the lay strikes 
the weft, by the twitch thereby given to the warp, and 
which withdraws for a moment the detent at the re- 
y$fte end from the ratchet-wheel attached to the warpr 
beam, by which means one tooth escapes, and allots 
an adequate supply of warp to be delivered There 
* ' m 
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•Mother igienkxu deriem in this machine, for which 
we matt refer to the specification. The stand ash 
jeqt.of this patent is a mode of putting a series of 
Isoms to work by one rotatory shaft, and of stopping 
^he action of any one of these looms without inter- 
fering with the other looms connected with the same 
shaft. •' 

John Potter, Escp of % $medlcy, near Manchester, 
obtained a patent in May, 1825,* for the u invention 
of certain improvements in power-looms for weaving 
various kinds of figured fabric*/* A series of heddles 
are mounted upon cords connected with a series of top 
and bottom levers attached to the loom; atul os these 
levers rise and fall, the heddles, w ith certain of the warp- 
yams connected with them, move up and down also* 
between every throw of the shuttle. The contrivance 
by which the levers are to l>e moved is very similar, 
in one part, to the median ism of a barrel-organ, and 
in another to the principle of the Jacquard loom. 

The third subject is a mode of preparing warps 
upon a plan analogous to that already explained in 
describing Lillie's sizing machine. 

A patent was granted in the same year to Mr. Spils- 
bury, of Leek, for a power-loom for weaving figured 
goods, which hqd for its object a simple and economical 
method of reading in, and weaving an elaborate pat- 
tern. The improvements may be referred to two 
heads; 1, to the means proposed in place of a draw- 
boy, for raising the various pacts of the warp, so as to 
produce any required pattern ; and % to the mech** 
ntsm for working the different evolutions of the loom* 
This improved mechanism was primarily intended ft# 
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Weaving silk* and has not, as far as JJJuow, bee# 
hitherto introduced into the cotton trade. 

Mr. John Harvey Sadler, of Hoxton, near London 
obtained a patent in May, 18*25, for an improved 
power-loom, in which motion was given to the working* 
parts by means of a rotatory power, so applied that 
its mechanism should occupy no grcatcf space than is 
required for the standing of an Ordinary hand-looni. 
On measuring the dimensions of Sharp and Roberts* 
power-looms by the scale of the figures given in this* 
work, it will be found to occupy much less space than 
most hand-looms. 

The improvement in the power-loom for weaving 
tapes, for which Messrs. Worthington and Mulliner, 
of Manchester, obtained a patent in June, 1825, would 
merit a detailed notice, from its practical utility, did 
tile small-ware manufacture fall within the scope of 
the present work. It is a very ingenious modification 
of the power- loom above described, and is now work- 
ing in a most satisfactory manner, in Messrs. Wor- 
thington's excellent factory. 

An improved method of making heddies, by Mr. 
John Rothwell, of Manchester, became the subject of 
a patent in January, 1826. He proposed to make 
the loops of the heddies double, that is, passing over 
the shafts at the top and bottom, and meeting both at 
IP* back and front ; and also that they should be formed 
of long and sliort loops alternately. By these means 
the knots of the on® series of loops will be a little dis- 
tance above the knots of the other series of loops ; and 
Ike warp-threads will be enabled to pass each other 
wjth greater freedom, and of course with less friction; 
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the space IP the warp being open in the middle. 
H eddies are usually made of fine woollen or hcmpKi 
cords, twisted very hard, and sok/under the name of 
heald, or heddle-yarn. H eddies have also been made 
of wires. 

A curious contrivance of M essfe. Slansfield, Pritchard, 
and Wilkinsofi? of Leetjs, was secured by patent in 
July, J825. It consists, first, in a small appendage to 
the shuttle, by which, in the cvent'of the terft thread 
breaking, the shuttle is arrested in its rare, and the 
actions of the loom stopped ; secondly, in ail apparatus 
attached to the Imck of the lay, for the purpose also of 
stopping the shuttle %hen any of the trarp threads 
break. I am not aware that these refinements have 
been brought into play in any of the great power- 
loom factories about Manchester. They merit atten- 
tion, and will no doubt be eventually adopted, with 
more or less modification. 

The patent granted to Mr. George Scholefieldg in 
March, 1828, for certain mechanical contrivances* 
which connect all the operating parts of a common 
loom together, and cause them to act simultaneously 
whenever motion is given to the loom, seems to be im- 
portant ; as the machine will enable any person, without 
previous experience or knowledge of the art, to weave 
cloths with facility. The plan has been hitherto, 
believe, restrict ed to the weaving of woollen goods. 

It is difficult, in perusing the specification of a patent, 
to determine the value of the invention, which depends 
often upon some apparently insignificant circumstance. 

This remark may be justly prefixed to the following 
notice of the power-loom of Mr. John Paterson Reid, 
for weaving lappets, and figured muslins in general. 

i' 2 
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Ife obtained a patent for his improvenSSat fou ApriJ, 
1827) and he has since proved its value by the superior 
vitality and econo&y of his manufacture of the a^ve 
- styles of goods. t 

, r The batten, or lay, in his looms, does not vibrate 
! «» n centres, as usual, but slides to and fro in a hori- 
zontal direction, by means of guide-rods, which pass 
*$fetween guide-rollers. The batfrn is actuated by an 
arm connected witH an eccentric wheel at the one end, 
and with a spring fixed to the under side of the batten 
at the other. This eccentric wheel turns upon an 
axle, and, as it revolves, its circumference acts against 
a friction-roller at the end of the batten, contrived for 
the purpose of guiding the batten steadily, as it ad* 
vances and retires. 

When the smaller radius of the tappet, or eccentric 
wheel, is in contact with the said roller, the batten is 
brought back, which is the time of the shuttle's being 
projected across, between the sheds of the warp; the 
*wlieel is therefore made with this part of its circumfer- 
ence nearly concentric, so that it may continue to turn 
round without advancing the batten, until the shuttle 
has got clearly through the warp, and been lodged 
in its box at the end of its race. The opposite radius 
of the eccentric wheel is large, in oirfer to push for- 
ward the batten with the requisite force, for beating 
up the well. But as some degree of elasticity is ne- 
cessary in beating up the weft, to pre>ent the delicate 
threads from breaking* the rod is attached to a spring, 
which allows the batten to recede a little when driven 
up with force ; thus imitating the tact of the weaver's 
anus. The spring may be made in any way that shall 
ibe found eligible, and it may be rendered susceptible 
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of greater or tension by method* indicated By tIU 

ptcuire. 

Mr. TTtomaa Robinson William/, under a patent 
obtained in February, 1830, proposes to substitute, for 
the warping-mill, a creel, containing a series of bobbins 
connected with the warp-beam end of the loom* whosf 
threads are passed round two different friction- rollers 
before they proceed in the horizontal warp-plane, Up- 
wards the heddles. Such a loom* would be so cum* 
bersome and inconvenient to work, os to be disad* 
vantageoin in practice. 

An invention for stopping the loom when a weft* 

yam breaks, was made the subject of a patent, by 

Mr. Archibald Douglas, of Manchester, in April, 

1833. He included, also, in the same specification 

an apparatus to be connected with the batten, by 

means of which the action of springs attached to it is 

regulated, and adapted to the production of different 

figures, as a solid stripe or cord across tho work; and 

likewise an improved apparatus for regulating tho* 

taking up motions of a loom, an <! the number of pricks 

in an inch. The apparatus seems to be ingenious, but 

is too complex to be understood without numerous 

figures of reference, for which wc cannot afford space 

in the present work. Should it become an integral 

part of our cotton manufacture, a detailed account of 

it mav be introduced on a future occasion. 

* 

A more immediately applicable improvement upon 
power-looms, is that of the ^self-acting temple, or 
templet, for which William Graham, Esq., of Glasgow, 
obtained a patent in May, 1833. 

We have already explained that the temple is an 
apparatus to be attached to looms for the purpose of 
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ktepiftg.the cloth, as it is woven, distended to its foil 
width, and Thereby preventing the warp from being 
abraded against tne dents of the reed, which would 
happen, were the cloth allowed to shrink into a nar- 
rower breadth than the sheet of warp. 

In hand-looms the temples are .formed by two 
stretcher-pieces of hard wood, connected together in a 
nearly parallel direction bywords, and laid across the 
web ; the ends of these stretchers being studded with 
* pin-points, which penetrate the list or selvage upon 
either side, and thereby keep the cloth extended. 

In power-looms, for want of a self-acting temple, 
each loom must he constantly watched by an ope- 
rative. To obviate this expense and inconvenience, 
several plans have Wn devised; such as revolving 
stars placed in such positions as should cause the 
points to take into the lists of the cloth. None of 
these schemes have been found to answer so well as 
the American nipper- temple which form the subject 
*©f the present patent. 

Fig. 108 is a horizontal view of one of the nipper- 
temples, and tig. 100 is a vertical section of the same. 


) • .-O' 
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One of these nippers is to be fixed near each end of 
the bjeast-beam, where it is acted f upon by the swing- 
ing of the lathe, or batten, which opens the chaps of 
the nippers at every operation of beating up, and 
thereby releases tlie cloth, ami allows it to be* slidden 
forward, over tjie breast-beam. 

The plate, n> to which the nippers are attached, is 
to lie fixed to tjie brca*t-bcam of the loom, £, 6, by 
means of a serin* -bolt passed through the said beam, 
as shown in the figure. When difTerent widths of 
fabric are required to lie* woven, the temples must be 
shifted nearer to, or further from, the nnh of the 
breast -beam, which may l>e done by means of a long 
slot, /, shown by dotted lines in fig. 108. 

Towards the outer end of the plate, r/* a bar, c, 
is attached, which is turned up at the end, and bent 
back to form the upper chap, ti , of the nippers. The 
lower chap, r, fig. 109, forms part of a spring-piece 
affixed to the bar, r, ami is pressed lip by its spring 
against the upper chnp.fi: the inner surfaces beirfg 
channelled like a file, to enable them to hold fust. 
Between those two chajw the list of the cloth is passed, 
and being thus held by tlie nippers upon each side of 
the loom, the doth is kept stretched to its proper 
width. 

A horizontal icier * f\ f, fig. 109, turns upon a fiil- 
erum-pin, g, fixed in the plate, a; and at one end of 
ibis lever there is a broad piece, h f hanging down, and 
at the other end a knife-edged tooth, /, projecting. 

The under part of the front of the bitten is partially 
represented at k, k, which, when it goes forward to 
beat up the work, strikes against the end, A, of the 
lever, f, and causes the knife-edged tooth, i, at the 



wfcbeh JneiwPWSli the Qhapg, ami release! the ebth> 
aMt^inoineiPthat the weft h beaten up, thufe aUaw* 
ing the r&d to drive the work forward, over the work* * 
team as usual But the instant that the batten retires, 
the tooth, t, slips back 4 out of the chaps of the temple, 
and the cloth is held tight, as .before. 

In this way the nippers aot at evyy stroke of the ■ 
batten, opening, so as to release the cloth, and ctauag 
again to keep it at a tension, constituting self-acting, 
or perpetual temples. 

In July, 1834, Messrs. John Rarasbottom and 
Richard lloll, of Todnionlen, Lancashire, obtained a 
patent for certain improvements in the construction of 
power-looms ; consisting, I , in a peculiar arrangement 
by which two pieces of fabric may be woven atone 
time through the agency ofs^jotatory axle; 2, a con- 
trivance for instantly stopgjpgftWporking parts when- 
ever the weft-thread breaks ; anu 3, ail apparatus of 
self-acting temples. 

In this improved loom, the warp-t breads are placed 
vertically in two ranges ; the one range extending from 
a roller below, towards a work-beam at top in front of 
the loom ; the other range extending similarly at the 
back of the loom ; and the double batten or lathe, in 
w)ik’h tlttnreeds are mounted, instead of making pen- 
dulous movements, as in common looms, rises and faUs 
iwvertical planes, while the heddles are moved to and 
fro in horizontal planes by means of a vibrating lever. 

The contrivance for stopping the loom on the break- 
ing of a well-thread is very ingenious. It consists of 
lovers, called by the patentees hands with fingeva, 
attached to rods extending across the loom, and turn* 
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of tht yted (km rin aperture ^ W numlrho^ 
covered by a grnting of parallel sleticfc^Sron wires, net 
sufficiently apart to allow the vertical wire-finffcrs (like 
a many-pronged fork) of the mechanical hand, to fall 
through when i\o obstacle intervene** When the weft- 
thread is entire, it w stretched across tlie surface of 
that parallel wire, grating,* and sustains the weight of 
the®tiny fingers ; hut if it is broken, the fingers will 
fall through into the entrance of the shuttle-box. In 
the latter case, the rod across the loom is turned, and a 
lever attached to it presents a catch to a transverse bar 
projecting from the embof the lathe, whereby a trigger 
is let oft*. which shifts the driving band from the fast to 
the loose pulley upon the main shaft of the loom. 

The alxne double loom is remarkably compact, 
occupying, apparently, r^gch less space than a single 
power- loom of MesmeSHR^ and Roberts' construc- 
tion. Whether it will bo equally convenient and 
durable in working, must be determined by experience? 
Its arrangements are, in mahv respects, novel, and are 
highly creditable to the mechanical knowledge and skill 
of its imeniors. The temples operate in a similar 
manner to the American, above described. 

The latest of* the improvements proposed upon the 
power-loom which we shall notice is that patented by 
Mr. Amassa Stone, of Rhode Island, in the United 
States, now resident in Liverpool,, in October, 181)4. 
It consists in a new 4 adaptation of mechanism for the 
purpose of connecting the operation of beating up the 
weft-thread, with that of giving out or delivering the 
warp, and faking up the cloth ; whereby, when from 
the breaking of the weft, the striking up of the reed 

p 5 
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meet* with Ijttle' or no resistance, the delivery of the 
warp, and also the^nking iip of the cloth is suspended, 
although the general evolutions of the loom continue* 

After *fevery flight of the shuttle through the open 
shed of the warp, the lathe advances toward the work- 
beam for the purpose of causing the reed to beat up 
the weft-thread ; but as the reed is here mounted in 
the lathe within a vjbrating frame pressed forward by 
springs, the force with which it strikes agninst*thc 
cloth causes a rail parallel to the reed on which its 
lower edge rests, to recede or spring back from the 
lathe a short distance. 

There is a perpendicular lever faring at its top 
against the said lower rail. Whenever the reed-frame 
recedes, that end of the lever is necessarily forced back, 
and its lower end advanced, so as to push forward a 
horizontal rod attached movement of the 

horizontal rod near the The end of a bent 

arm to be brought close ngairiSP" the vibrating leg or 
‘Sword of the lathe, and to draw back a click or pall 
over one tooth in a rtfteJwt -wheel. On the return of 
the lathe into its original inclined position, the &word 
will strike against the end of the above bent arm, and 
cause the click (by a sliding rod) to drive the ratchet- 
wheel one tooth, and thereby turn a shaft with an end- 
lens screw, so as to turn round the warp-beam and de- 
liver warp. 

But if the weft- thread happen to break, there wilt be 
ro delivery from the sift it tie, and consequently a want 
of filling to the cloth ; the reed, therefore, in beatingnip 
will not meet with that resistance which it did when the 
fitting of the weft-thread was complete. Hence in the 
beating-up of the lathe, the reed-frame will not now to- 
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coil rs before, nor will the upright lever attached to it 
be so acted upon as to cause it to shift Bie iiorisontal 
rod at its under end through the sa&ue distance ; cause* 
quently, the pall or click will not be drawn over another 
tooth of the ratchet-wheel ; and the slutft with die 
worm-screw will remain quiefcciit, leaving also the 
warp -beam af rest. An analogous oil bet is communi- 
cated to the cloth-beam. . 

/This ingenious device seems well calculated to answer 
its end, and will probably be introduced ere long into 
power-loom factories. 

A simple dandy-loom of Kadclifte's construction 
moved by power, making 8-1 peck* per inch, weaves 
5 pieces of 30 yards each in five days. 

Some of the coarse calico fabrics art* very fight. 
One great manufactory puts no more than 0 pounds in 
36 yards ; which per yard. 

A 72 reed at^St^HHHpuifies seventy-! wo threads, 
or 36 dents, in tJffmcn: When the piece is (ths 
broad in the dressing muclnne, there are 4 cylinders 
or yarn-beams at each olTbS ends. Each cylinder 
has 270 threads wound uj>ou it at the warping -frame ; 
hence 8 x 270 =r 2,160, is the whole number of 
warp-threads in the breadth of the piece. 

The 40"s warps are woven commonly through a 
reed containing from 72 to 80 threads per inch, con- 
stituting in the language of Stockport, a 72 to 80 
feed. 

Mr. Orreirs looms made 72 picks per inch in a 72 
Stockport reed, and 120 pecks per minute. 1 have 
me n a power-loom weaving very regularly under a 
good workman when making 180 jieck* per minute. 
This was, however, merely for a short time to satisfy 
me that such velocity was practicable with Messrs. 
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Sharpand Roberts’ loom. A manufacturer at Stocks 
port informs me that he has brought up the speed -of 
His power-looms, ofSbat construction, to 130 pecks per 
minute upon an average. At this rat«> a girl makes 
easily six pieces a week on each loom. 

Book and jaconet muslins are now currently woven 
by power-looms, especially in the Glasgdw district. 

In Scotland, the number of dents or reed-splits in 
87 inches, or the Scdtch ell, constitutes the number of 
the reed ; hence the above 80 Stockport reed, which 
contains 40 dents, corresponds to reed 1 ,480 in Scot- 
In nd,as 37 x 40 s 1,480. 

All cot ton -cloth con tracts %bout one-tenth of its 
breadth in weaving, in consequence of the contraction 
of the warp in the decussation of the weft-threads. 

One reed-nmker, with a boy, is capable of keeping 
1,000 power-looms going in their business. The reeds 
contain from 000 to 1 ,f)0fl^jptanmeh in their whole 
length, or from 48 to 80 pfffncHr 
v A cut of 60 yards will wgigh in 27 inch-wide calico 
13 lbs., consisting of Stifn^&nd Upland cotton wools. 

Of Fustians. ? 

Tlic sots of reeds in wliich fustians, velveteens, and 
cords, are usually woven, are those of £2, 34, or 36 
beers in 211 Inches, each beer containing 19 denta; 
so that 19 x 34 = 646 s die number of dents, and 
the double of that number, or 1,292 = the number of 
warp- threads iu the' 24\ indies. Each warp- thread 
consists of good mule yam, No. 32, doubled and 
twisted, 'flie weft may be No. 24 mule yam, and is 
•angle. 

The ground or back of this style of goods is some- 
times plain, or tabby backed ; and sometimes tweeled. 
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on with a Gama back. The flushing, or the pari of 
tbeweft which is cat to form the line* of the velvet, or 
grooves of the cords, is thrown in And decussated with 
the ground at various intervals, whence the variety of 
the patterns is produced. We shall presently explain 
the art of cutting fustians, at«l of raising the pile, or 
forming the ctlt flushing into ridges above the {Hurts of 
the weft which are enibtplied with the warp. 

A much finer article of cotton Velvet is prepared for 
ladies' mantles, of winch the warp is 52 ‘h doubled, 
and weft 52’s. 'Hie reed is one of 50 beers of 19 
dents = 950 in 21 i inches. 

In the plain-backoj velvets there are two shots of 
the flushing thrown in for each shot of the ground. 
The term flushing signifies the several weft-throads 
which pass together over certain parts of the surface of 
the fabric without bating decussated with the warp. 
Some flushed paitUBH*j Mfcp roduced by extra warp or 
weft, either coarser nlnn the ground, or of a different 
colour; others, and those jho most common, proceed 
from certain portions of.ttjje* weft which are floated 
above or Ih*1ow the warp. 

A very luminous ami instructive development of 
the principles of flushing every style of fancy tex- 
tia re is given \jv Mr. Murphy in his excellent 4 Trea- 
tise on the Arrof Weaving.’ 

The first process to which fustians are exposed after 
being woven is steeping in hot water to take out the 
dressing paste. They are then* dried, reeled, and 
brushed by the machine described p. 328, fig. Ill, 
Ate. From twenty to thirty pieces, each eighty yards 
long, may be brushed in an hour. The breadth of the 
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cloth is twenty inches. The maceration is performed 
by immersing the bundled pieces in tanks of water 
heated by waste strain ; and the washing by means of 
a reel kept revolving rapidly under the action of a 
stream of cold water for an hour or longer. 

The cord has been 4 previously cut by the knife, as 
descried noxt page. After they are 'brushed in the 
machine, the goods are singgd by passing their cut 
surface over a cylinder of iron laid in a horizontal 
direction, and kept red-hot by a flue. They are now 
brushed again by the machine, and once more passed 
over the singeing surface. The brusliiug and singeing 
are repeated a third, or even % occasionally a fourth 
time, till the cord acquire a smooth polished appear- 
ance. 

The goods are next steeped gashed, and bleached 
by immersion in solution of cmoride of lime. They 
arc then dyed by appropriate chemical means. After 
which they are padded (imbued by the padding 
machine of the calico pn^grs) with a solution of glue, 
and pissed over steam <*y$puers to stiffen them. 

The knife used by hand for cutting fustians has the 
heel of its guard convex for cords, as it presses upon a 
tweeled fabric ; but it is plane for velveteens where it 
runs over a single range of weft. Cords receive their 
last finish by being rubbed with an emery polisher, 
which is merely a bar of wood faced with coarse emery 
fixed by glue. Velveteens are finished by friction with 
bees 1 wax, and polishing.with a wedge-shaped piece of 
hard wood. 

Fustians have usually double yams in the warp. 
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Apparatus for cutting the Pile or Cords of Fustians, 
Velveteens, Corduroys, etc. 

Fig. HI is a longitudinal section, and fig. 112a 
cross section of the usual apparatus, as worked hy 
hand. 

Figs. 11 3* and 114 serve to explain the process 
which precedes the brushing. 

After the doth is taken from* the loom-beaut, it is 
carritxl to the cutter, who rip up the surface-threads 
of weft, and produces thereby a hairy < -looking stuff. 

Fig. 1 14 represents a section of fustian parallel to 
the weft, h the supfrficial weft -threads before they 
are cut; ami a the same afterwards. Preparatory 
to its being cut, the cloth is spread evenly upon a 
table about six feet|^ng, upon each end of which a 
roller mounted witltwi ratchet-wheel is fixed; the one 
to give oft', and the other to wind up tin* piece, in the 
jiihove six feet lengths. 

The knife, fig. 1 13, is agApel rod about two feet loitg. 
and three-eighths of an i{|di%quafv, having a square 
Itatidle, </, at the one end ; the other end, c, is tapered 
away to a blade, as thin as paper. To prevent this 
point from turning downwards and injuring the doth, 
its under si da is covered by the guide, a , which serve* 
to stiffen it, m well as to prevent its lower edge front 
cutting the fustian. 

The operative (male or female) grasp the handle, 
d t in the right haud, and insinuating the projecting 
point of the guide under the weft, pushes the knife 
smartly forward through the whole length of six feet, 
with a certain dexterous movement of the shoulder 
and right side, balancing the body, meanwhile, like 
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a fencer, upon the left foot This process is re- 
peated upon every adhesive line of the wcftll After 
being thus ripped up, it is taken to the brushing or 
teazling-machine, to make it shaggy. 

A, fig. HU is the usual driving-rigger, or fixed 
and loose pulley, upon the end fif the tdtaft, B. This 
shaft has a crdhk bent near its other end, which works 
the frame, D, up and down by means of the connecting 
link, C, fig. 1 12. E, E, art a series of wooden rollers, 
turning freely upon iron axles, and covered with tin- 
plate, rough with the burs of punched holes. T, F, F, 
are blocks of wood, whose concave uuder surfaces are 
covered with card-doll^or curd-brushes, and which are 
made to traverse backwards and forwards in the direc- 
tion of the axes of the revolving rollers, E, K, E, 
during the passage of^ta cloth over them. 

G, G, G, are guidf^mllors for the cloth. This is 
introduced between the feed-rollers at H, carried 
under the tension -rollers, G, G, and over the rough 
rollers, E, being draw n through the series by the dis» 
charging rollers at I. Thg;t$ro upper rollers at H 
and 1 are loaded with weights hung upon their axles ; 
and the first have, besides, a brake to keep the cloth 
tightly distended in the machine, so that it may pass 
very slowly qpt from the discharge-rollers at I. 
These rollers are actuated by an endless strap from 
the pulley, 6, upon the principal shaft, B, going round 
the pulley, d , upon the tinder roller at I, as shown by 
dotted lines in fig. 111. The blocks, F, F, F, get 
their motion from the straps, m,m, which pass over 
the rollers, M, fig. 112, and are made bat at t, f, to 
the frame, D. This frame vibrate* up and down ifith 
the crank* C, of the shaft, B. 
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r is a fly-wheel for equalizing the irregular move- 
ments of tins powerful abrading machine. 

'Hie apparatus which lays clown tlte piece of fustian 
in regular folds, remains to be described. The cloth 
passes over the roller. K, tig. Ill, which is moved by 
a strap from the pulley, e, and afterwards goes over 
the eccentric rectangular frame, L, which slowly falls 
and rise's by means of the pulley, y, and thus delivers 
the cloth as it comes forwards, in regular folds, upon 
the floor, as shown at o« 

Tbs driving-pulley. A, on the main or crank-shaft, 
B, makes about 150 revolutions in the minute. 

The fustian, by passing through this machine^ has 
its cut-up surface made uniformly shaggy^ 
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• Smooth fustians, when cropped or shonj lHore 
dyeing, are called moleskins; buj when shorn after 
being dyed, are railed beavertoen: they are both 
tWeeled fabrics. Can toon is a fustian with a fine 
cord visible upon the one side, and a satiny surface of 
yarns running at right nngl»**to the cords upon the 
oilier side. l*he satiny side k sometimes smoothed 
by singeing. The stuff is strong, and has a very fine 
aspect. Its price is one sfiilling and sixpence a*yard. 

Common plain fustian, of a brown or drab colour, 
with satin top, Is sold as low as 7d> a yard. 

A fustian, with ;i *mall cord running in an oblique 
direction, has a \er^ agreeable appearance. It is 
called diagonal. Moleskin shoni, of a very strong 
texture, and a drab dyed tint, is sold at SMW. per 
yard. 



»«=4T • ' ~~) 



Fi*. itX— Knile to * •afiiDf (h* «wt4» (be bru*un> cmk I. fc, tiwuW be Jutwl 
Flf .114. of the <x*r<U. 

For the following catalogue of fustians I am in- 
debted to Messrs. Leese, Kershaw, Callender, and 
Co., the eminent warehousemen, of Manchester : — 

I. — Velveteens 27 inches wide. 

1. As they leave the loom, with a downy surfitte os 
the one side and tweeled on the other. 
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K Ctit ftt fine parallel lines, velvety-looking oW tfi& T 
<;l Stride. , ' 

S/Singed, scoured, and dressed for dyeing. * 
t l Dyed and finished as black velveteens ; a beauti- 
ful fabric. Price from Is. Ad. to 2s. 9 d. per 
yard. 

5. Fired, scoured, and dyed, but not cut, as drab 

cantoon. Price lOd. to 21 d. 

6. Shorn, dyed, and finished, as drab beaverteen. 

9 to 2s. 

7 * Shorn, dyed, and re-shorn, as moleskin. Price 
lOirf. to 2s 9 d. 

II. — Right-shaft cord, vulgarly called corduroy. 

1. As it leaves the loom, cord grooves partially 

filled with transverse yarns, back surface 
twilled and smooth. 

2. Stiffened with glue for cutting. 

3. Cut grooves, well defined and sharp. Surface 

of the cords velvety. 

4. Brushed, singed, scoured, and dressed for dyeing. 

5. Dyed uud finished. 

Eight-shaft can be made at prices from 6 d. a-yard 
to 20c/. The stuff is 18 inches wide when finished. 
If they be 27 inches wide, their price is from 13d. to 
2#. 6 d. 

III. — Double Genoa cord, exists in 
1, 2, 3, 4, 5, states, as the eight-shafts. 

Their aspect is not dissimilar, but their texture is 
stronger. Their price varies from 7Jd. to 2id., when 
18 inches wide ; and from 13d. to 2s. 6 d., when 27 
inches. 

The weight of 90 yards of the narrow velveteen, in 
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tht . gntn or umlroased state, is about 21 pounds. 
The goods made for the German, Italian, and Rus- 
sian markets are tighter, on account of a peculiarity 
in the mode of levying the import duty in these 
countries. 

Velveteens as they come from the loom, are sold 
wholesale by sleight, ami average a price of 20rf. per 
pound. They aie usually woven with yarns of Up- 
land aiid Brazil cotton wool, sjftin together for the 
warp; or, sometimes. New Orleans alone. The weft 
is usuahy Uplands, sometimes mixed with East India 
cotton wools. 

Trowser venetoens are woven 19 inches wide, if 
they are to he cut up; if not, they are woven 30 
inches, and cahed heavertecn. 

Cutting or cropping fustians by hand, i» a very 
laborious and delicate operation. The invention of 
an improved apparatus for effecting the same end 
with automatic precision and d»*spatrh, was therefore 
an object of no .it tie interest to this peculiar manufat;- 
ture of Manchester. An ingenious machine, appa- 
rently w el i-ca ten hitcd for tins purpose, was made 
the subject of a patent by Messrs. William Wells 
and George Seholc field, of Salford, in November, 
1834. 

In the ordinary mode of worl ing by hand, a single 
cord only is cut open at one operation, by the skilful 
workman guiding the knife along the piece, and 
keeping its (omt carefully ii\; bht in this machine a 
aeries of ktiite* are cuaUod to act simultaneously, and 
tp cut many cot d* in width at the same time, from 
end to end of the piece, without interruption* the 
r.r ■ % * N 
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corded fustian being extended upon rollers, and drawn 
progressively forward over the properly inclined sta- 
tionary knives. There is, also, a provision in the 
event of any one of the knives slipping out of the cord 
in which it is intended to operate, or of passing 
through the fabric, on of being (by any knots m the 
cords) obstructed in its work, that thfc operations of 
the machine may be instantly stopped, in order that 
the error may be corrected before any further mis- 
chief ensues. 

In an oblong rectangular cast-ironf frame, two cy- 
linders or drums are mounted horizontally, turning on 
axles supported in plumvncr blocks upon the side rails 
near the end of the frames. 

Round the circumference of the one drum, the 
whole length of the piece of corded fustian is to bo 
wound, in the first instance, and its end being then 
passed through the machine, and its waste-end or 
forcel made fast to the oilier drum, the rotation of this 
Upon its axis will cause the length of the piece to bo 
drawn forwards under*! he cutting knives, in wind- 
ing it upon its circumference. The rotatory move- 
ments of these drums are produced by toothed wheel- 
work, mounted in the skle rails of the frame. 

Fig. 115, is a sect ionul representation of a part of 
the machine detached for the purpose of explaining 
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the cutting operation more clearly. ’Here only ona 
of the knives is shown ; the fustian-web. E, E, being 
stretched in the machine under the feller, F, and ewer 
the roller, G, for the purpose of laying it, and eon* 
ducting it along under the knife, at such an angle, as 
may be desirable for applying t\w knives, as formerly 
represented, wish the best effect to cut open the cords 
as the fustian advances. 

A scries of the knives, in any dbnvenient number, 
are placed side by side in the machine, extending 
longitudinally a# one knife is shown in the figure. 
The point of each knife so placed, is to be inserted 
into the rib or cord which it is intended to cut open, 
and the hinder part of each knife-handle is let into 
the socket or rest of a circular spring, /. A number 
of these circular springs, equal to the number of the 
knives, are to be fixed on a bar (shown in section at 
H) extending across the machine. Tilings being so 
arranged, the shaft of the ‘drawing or wimling-on 
drum (placed to the right hand of the figure) is to he, 
put. into geer with the driving*power, and the other 
or feeding drum (towards the left hand in the frame) 
released, so as to turn freely round. As the w’sb ad- 
vances up the inclined plane, it will be cut open by 
the knives. The drum (about 20 inches in diameter) 
makes about nine turns in the minute. 

A certain number of parallel cords having been 
thus cut from end to end of the piece, the right hand 
drum now covered with the fqstian, is to be thrown 
out of goer, and the naked drum is made to reiolve 
the reverse wav, so as to re-wind the cloth from its 
fellow. This being done, the above operation is re* 
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nmd on another parallel serieso£ribs in the fttstian, 
til) the whole be cut open. 

' If the point of one of the knives Tiappenstopene- 
ttite through the cloth, it necessarily fella upooa 
transverse bar (not seen in this view) below the* point, 
a. That bar is connected with the end* of arms Or 
levers, M, M, extending from a shkft, N, t|hich k 
mounted upon standards in the side frames of the 
machine; the transverse Imr and anu*, M, being 
balanced by weights upon the opposite side, of the 
shaft, N, so as to enable that bar to$e supported by 
very delicate spring catches in standard pieces, fixed 
to the sides of the frame* work. 

When one of the knives falls upon the said trans- 
verse bar. its weight forces the bar down from its 
support in the spring catches, when the teeth of a 
small ratchet-wheel, which has been kept revolving, 
strikes against the fallen bar with such force as to 
cause a tail le\ er to cause the driving strap to shill to 
♦the loose pulley on the driving shaft; somewhat in 
die same way as the power-loom is stopped when the 
shuttle does not come home into its box. 

If any obstruction (like a knot in the cord of the 
fustian) should come against the point of one of the 
knives in o|K»ration, as the fustian is drawn forwards, 
the resistance will force the knife back, and its spring- 
holder. /, giving way, will cause the hinder part ikthe 
socket, </. to strike against a transverse bar, R; and 
this bar being connected by arms with an axle, Its re- 
cession will act upon certain levers, (not visible in this 
view.) which will shift the driving-strap to the loose 
pulley, as before. 
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lath* event of ^{ty one of the knives jumping up out 
of the cord-channel which it wee cutting, the fore* of 
the spring-holdsf. j, would project fho knife forwards, 
and tSUH it to fall out of its socket, d, when the 
weight df the knife-handle us it falls, striking upon t 
transverse rod supported by trtro, U, IT, from a 
etmp,y, if ill «6au*a the anti, W, to force buck the 
lever, ay extending from the axle, N, and thereby to 
rfthe the tail -piece, which shifts the driving-strap. 


▼Ole. II* 



CHAPTER VI. 


The Bobbin- $et Lace Manufacture. 

SECTION I. 

Historical Notice* of it in connexion with Frime-Werk Knitting, 
or the Stocking-Frame. * 

The stocking-frame, to any one wt^|gttentively con- 
sider** its comph-x operations, and the elegant sleight 
trith which it forms its successive rows of Imps or 
stitches, will appear to be *the most extraordinary 
single feat, — the most remarkable stride, ever made 
in mechanical invention. In the Stocking Weavers* 
Hall, in Red Cross Street, London, there is a portrait 
of a man, painted in the act of pointing to an iron 
stocking-frame, and addressing a woman, who is knit* 
ting with needles by hand. The picture bears the 
following quaint inscription ; — “ In the year 1589, the 
ingenious William Lee, A.M., of St. John's College, 
Cftq&bridge, devised this profitable art for stockings 
(but being despised, went to France,) yet of iron to 
himself, but to us and to others, of gold ; in memory 
of whom this is here painted/' 

, It was only twenty-eight years prior (o the con* 
^ruction of this machine, that the art of knitting 
stockings, by if ires worked by the Angers, had boon 
introduced into England from Spain. 

According to one story, Lee was ex jielletl ^jjpone 
University for marrying contrary to the fctatute*. 
Hating nagllgig^eans of subsistence* h**aditis wife 
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were obliged to lhrj on her earning* as a stocking* 
knitter; when, under the pressure of want, Lee oob~ 
t rived his frame as a method of multiplying produc* 
turn. 

But the following is probably a more correct ac- 
count of the origin of this contrivance. According 
to an ancient t addition in the neighbourhood of LeeV 
birth-place,* the stocking-frame was meditated under 
the inspiration of love, and roast nufed in consequence 
of its disappointment Lee is said to hate been in 
early youth eiphoured of a fair mistress of the 
knitting craft, who bad become rieh by employing a 
number of young women at tins highly-prired and 
lucrative industry The young scholar, after studying 
fondly the dexterous movements of the lady’s hand, 
had become himself not only an adept in the art, but 
had imagined a scheme of making artificial fingers for 
knitting many loops at one** Whether this feminine 
accomplishment excited jealousy, or detracted from 
his manly attractions, in not said ; but his suit was' • 
received with coldness, and thenVjerted with scorn. 

Hevenge now prompted him to realize the idsAS 
which lore had brat inspired. He devoted his days 
and nights to the construction of the stocking-frame, 
and brought it. f ero long, to such perfection, that U 
has remained nearly m he lefr it, without receiving 
any essential improvement. Having taught its use to 
1 ms brother and the rest of his relations, he established 
his frame at Culverton, near Nottingham, as a for* 
mid&blc competitor of female handiwork, teaching hk 
mistreat* by the insignificance to which he reduced the 
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implements of her pride, that the love of ,a man, of 
genius was not to be alighted with impunity. 

• After practising tins business during five years* ha 
had become aware of its importance in a national 
point of vifjr, and brought his invention to London to 
seek protection and encouragement from the Court, 
by whom his fabrics were much admiral. The period 
of his visit was not propitious. Elisabeth# the patro- 
ness of whatever ministered to her vanity as a woman, 
and her state as a princess, was in tjie last stage of her 
decline. Her successor was too deejlfy engrossed with 
political intrigues for securing the stability of his 
throne, to he able to afford any leisure for cherishing 
an infant .manufacture. Nay, though Lee and his 
brother made a pair of stockings in the presence of the 
King, it is said that he viewed their frame rather as a 
dangerous intimation, likely to deprive the poor of 
labour ami bread, than as a means of multiplying the 
resources of national industry, and of giving profitable 
employment to many thousand people. 

The encouragement to Knglirti ingenuity which the 
narrow- in i tided pedant, James, refused, was offered by 
Henry IV. and his sagacious minister, Sully. They 
invited Lee to come to France with his admirable 
machines. Thither, accordingly, he rlpaired, and 
settled at Kouen^giving an early impulsion to manu* 
faetures which has conduced not a little to their great 
development since, in the department of the Lower 
Seine. After Ileury had fallen a victim to domestic 
treachery, lax*, envied by the natives whose genius 
he hail eclipsed, was proscribed as a Protestant, and 
obliged to acejt concealment from the bloody bigots in 
Paris, bis days in secret grief anjjt. 
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disappointment. Some of his workmen made their 
escape into England, where, ^pndor his ingenious 
apprentice, Aston, they raouuted the stocking-framo, 
with slmie improvements, ami thus restored to its na- 
tive country an invention which had Ik 4^ well nigh 
lost to it. # 

The first frame was brought into licicestershiro in 
the year lf>40, and thus laid the foundation of the 
hosiery trade of that county, since so prodigiously en- 
larged in it and die adjoining counties of Nottingham 
and Derby. W 

In the year 1003, Charles II. granted to the Frame- 
work Knitters’ Society of London, a charter, which 
had been refused to them a few years before by 
Oliver Cromwell. 

Jedediuh Strutt, the founder of the distinguished 
house of Belpor, invented, in the year J75H, a machine 
for making ribbed stockings. About that time he 
settled in Derby, and established that manufacture 
under protection of a patent. in # conjunction with his 
brother-in-law, Mr. Woollatt, a hosier of that place. 
During a portion of the patent period, Mr. Samuel 
Need, of Nottingham, was a partner in the concern. 
The patent rjghi was twice tri«d in Westminster llaJI; 
first by the hosiers of Derby, and next by those of 
Nottingham; after which it was quietly enjoyed by 
the patentee? till the end of the term or fourteen years* 
This improvement suggested several more, such as 
open-work mittens, ami fancy drticles in the stocking 
stitch. 

LceV frame was exceedingly simple, being a tirefoc 
gage. With jacks only. Aston, of Thornton, a millejr ^ 
lif trade, added the lead-sinkers, will 'still in uso* 
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The track* were placed on the sole- bar by Needham, a 
frame-work knitter ippLondon; and the caster~faadk 
and hanging bits wert* added by Hardy, another Lon- 
don artisan, about the year 1714. Thus the stocking- 
fiwie’seenmo have reached a nearly perfect state, for, 
it has acquired no neto powers or facilities of operation 
from any subsequent contrivance. The Derby rib- 
machine, applied tf .to the stocking-frame, is called, by 
the trade, the one-and-one and the two-and-one rib- 
machine. 

There is a manufactory of hosiery at Helper which 
is supposed to be the most extensive in the world 
it employs about *100 silk sto ‘king-frames, which pro- 
duce *200 dozen pairs of hose weekly, and 2,500 cotton 
hose frames, each turning oft* on an average, nine pairs 
weekly, the whole amounting to little less than one 
httndrwl thousand doznat in the year. 

The principle of the stocking-frame was applied to 
the knitting of various other articles in the course of 
the last century. In 1760, (Vane manufactured a rich 
brocade for waistcoats mi a similar frame ; and about 
two years thereafter he attempted Vandyke work, by 
appending a warp-machine to u plain sttx’kitig-frame* 
Mr. Hubert Frost, of Arnold, near Ncpingham, in- 
vented the figured eyelet-hole machine ; and, in con- 
cert with Mr. Thomas Frost, now of Worcester, he 
obtain'd patents for various inventions, which led the 
way to the net and lace-frames. 

The first machine for making lace with a stocking* 
frame was constructed in 1777, which has been claimed 
both by Mr, Robert Frost and by Holmes*' a pair 
workman of Nottingham. This was, ere long* super* 
aided by the paint net machine, the ingenious iu wii ninf i 
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of Mr. John LiiidWjr, senior. On the death of this 
individual, Mr. Tty lor, of Chaaelbar, secured a patent 
for an improvement on die same principle. A still 
further improvement on this machine was made by Mr. 
Hiram Flint. At the beginning of the prflfcnt oeutury,* 
nearly the whole of machitte*tmAle lace was produced 
from these poiftt-net machines— mechanisms probably 
more delicate than any other ever used for tnanuiac- 
turing purposes, either in this country or elsewiiere. 
There were no jpwer than 1 .IKK) such machines then 
in active work. 

In the year 1802 or 1803, the manufacture of lace* 
net from the warp- mac) sue was successfully revived by 
some individuals in Nottingham. This kind of lace 
had been formerly made by an ingenious workman 
called Dawson, the inventor of the brace machine, but 
had been discontinued for some reason not generally 
known. Several important improvement* began now 
to he made on it, which gave to thin modification of 
network such value, that, in 1808, it competed in the* 
market with point-net. 

Notwithstanding this advance of the Nottingham 
lace-trade, the fabric was always considered to derive 
its principal merit from its imitation of the bobbin or 
cushion-lace. • '/ he resemblance was, however, very 
imperfect, as the net made of cottonthread was greatly 
inferior in strength, durability, and transparency to 
the proper lace fabric. To remedy ahese imperfections 
became, therefore, an object df pursuit to many inge- 
nious artisans, and liberal encouragement was afforded 
towards its attainment by the lace manufacturers of 
Nottmgbam,ai>d particularly by Mr. Nunn. Any par- 
son who undertook to p rincip ls t, 
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a machine capable of makingbobbin-net lace, was zOa^ 
lously patronized.* Mqfct sober-thinking persons* how* 
eifer, regarded the privet as akin to the perpefriftt 
potion, — a thing not to be realized. 

Among many individuals who devoted their 
minds to the subject was John Heathfote, of Lough- 
borough, a stocking-weaver by trade, wlio had studied 
for some time the nyxlc of mounting the net-machinery 
of Nottingham. To him belongs the distinguished 
honour of solving this very difficult problem, and of 
practically demonstrating that a machine might be 
made to satisfy the wants and wishes of the trade. His 
first operati\e frame was the result of many trouble- 
some trials, which would have baffled a man of ordi- 
nary talent and enterprise. At length, in the year 
M0*J, he had matured his plans so Air as to warrant 
his securing the exclusive use of them by a patent, 
famous for its pecuniary productiveness to him and his 
partner, Mr. Lacey ; a-s also for its being the fruitful 
parent of many mechanical constructions eminently 
subservient to the trade and commerce of the kingdom. 

Without meaning to impugn the merit of Mr Hcath- 
eotc, it may be stated that the principle of his patent 
had been embodied, since the year 1S03, iima machine 
for making fishing-nets, the invention ofHobert Brown, 
or his partner. George Whitmore, both of Nottingham. 
"This machine possesses all the essential principle# 
and properties of Ileathcotes patent bobbin -net ma* 
chine* and is, in fact, to all intents and purposes, ft 
bobbin-net machine*.*' To this machine must be traced 

* Mr. MoHey, the very eminent bobbin-net Uoe manuf*ctnm,of 

great firm of Bodea end Motley, of Derby, pronounce* thi* Jiftlg* 
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tl|fB origin of tho curious invention of the bobbin and 
carriage; to it ajao roust bc t ref#r$ed the method of 
using two divisions of thread*, tho warp and the 
bobbin; and to it alone must be attributed the beau- 
tiful idea of passing, or, as it is generally formed, twiat-* 
ing, two divisions of threads, with order and regularity, 
$nd without eifhuiglcment, distinctly round each other. 
Tho specification of Hubert Brown’s patent for this 
machine was enrolled at the Patent (Mice, and may, 
therefore, he referred to ns an undoubted document. 

Tho idea of reducing the thickness of the bobbin 
and carriage to a scale tit for the fine meshes of 
bobbin -lace, seems to June originated with Edward 
Whittaker, of Radford, who, being acquainted 
Roliert Brown, hail obtained a knowledge of his full- 
ing-net machine. Whittaker was as^istix! in realising* 
his prophet by Messrs. Hood and Tailor, then lac# 
manufacturers in Nottingham, who sent him ow*r tor* 
Loughborough, partly with the \iet% of removing him 
from the Nottingham mechanics, but principally to 
place him in communication wflh Mr. HoodV brother, 
a frame- smith at that place, who was to execute the 
iron work of the machine. After some time, Messrs. 
Hood and Taylor grew r weary of the undertaking, 
when Chart's dlood, of Loughborough, retained pos- 
sesion of the apparatus, on the sgoro of debt due to 
him, ami thereafter wild it to Mr, llcathcote for the 
paltry sum of Hi. or 10/. 'Hus gentleman, Slaving thus 
obtained an acquaintance with several elementary prin- 
ciples of lace-making, applied himself diligently to their 
practical combination, and, in the following year, pa- 
tented his very ingenious bobbin-net machine. Like 
most other novel mechanisms, this one, however CfWr 

<* 5 



(Stable t<r the taleatof tke patentee, was complicated 
with Busy distinct, movements, and effected its end hy 
Wty circuitous means. < The rc^anufacture of lace by it 
fMa idow and expensive, in consequence of its imperfect 
Utode of making the selvages, and by the employment 
of stretchers, or long strips of wood, pointed at eath end 
with pins, for the purpose of preventing the net from 
running in at the edges. The workman was thereby 
obliged to stop work at every four or five holes, in 
order to adjust his bobbin, and replace the stretchers. 
In spite of these defects, the machine commenced a 
new era in the manufacture of lace, and shewed itself 
to great advantage alongside oj the method of making 
it by hand upon the cushion. The prospects thus 
opened up. induced many workmen to devote their skill 
to lace-machinery. Accordingly, in 1810, John Brown, 
hf Nottingham, imented his celebrated traverse-warp 
machine, — one admirably adapted for making a 
number of narrow breadths, or strips of lace, but not 
fitted for the manufacture of broad fabrics. It was, 
moreover, a delicate uml expensive apparatus, difficult 
to manage and adjust. 

In the year 1811, Mr. William Morley, also of 
Nottingham, invented his straight bolt machine, more 
simple in construction, more concentrated and easy in 
flu* movements than its predecessors; circumstances 
which, with tlie improved method of changing the 
bobbins upon the selvage, and the introduction of the 
•pur or selvage- wheels* for the lace to run over, gave 
Morley’s machine a great superiority over Heathcote’s. 
The horizontal movement of this mechanism, however, 
•damns an alternate tightening and slackening of the 
bobbi&'threads, and a corresponding imperfection hi 
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taken by tin workman* 

The pusher teaching wee inVented in the same year 
by Samuel Mart and Jamee Clark* of Nottingham* 
It was used ior a long tioio, by many persons, for 
making narrow edging* of laces It undoubtedly pos- 
sesses peculiar' advantages, but is costly and delicate 
in construction, and subject to many mcouveuicnces, 
which render it unsuitable for general use. The fol- 
lowing year is remarkable in the history of the lace 
trade for the intention of the circular bolt machine, by 
Mr. Morley, — a mechanism pu*se*siiig all the advan- 
tages of his straight bolt iiwehiue, without its disad- 
vantages. 

About the same time, Mr. John Iamut*, sen., of 
New Radford, brought forward the lever machine, 
conjointly with one Turton, of the same place. This 
apparatus War* a strong i eseinblance to Mr. Heath- 
cotes in many prominent features, and cannot, there- 
fore, be* considered a# forming a distinct invention; but 
may be designated as a Milgle-tier Loughborough 
machine. It deserves particular uotire, however, in 
consequence of its general adoption b\ the trade. As 
originally constructed, it s f ood in a horizontal position, 
some* hat *1ikg one of the other machines lying on Us 
side. This difference is supposed to have been given 
in order to make it look as much as possible uulike to 
Heathcote's, with the intention jjrobably of evading 
his patent right, ratlier than from any advantage it 
could derive from that position. On tlie contrary* it 
was hereby subject to many disadf outages, and was* 
in consequence, changed to Jhe upright posture* by 
Jtr. John Leavers* jus., son of the tanner. AteiU* 
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movements coroplepc, and kft Mjtotments delicate** 
disadvantages, however, mpi^tthjra counterbalanced by 
the good quality of its fabric. 

Many alterations and improvements have been since 
made in lace machinery, but nothing which deserves 
detailetl notice, except the working of'it by power. 
The first attempt of this kind was due to John Lind* 
ley, of Loughborough, who constructed a machine 
/assessing the properties of the lever and traverse* 
warp machines combined. He worked it by a rotary 
movement, at Tottenham, near London, in conjunc- 
tion with Mr. C\ Lacey, the original partner of Mr. 
Hoatheoto, but the project was so unsuccessful, as to 
ruin those concerned. About the same time Mr. 
Heathen! o applied the rotary movement to the cir- 
cular holt muchiue, and mounted a manufactory on 
that principle, at Tiverton, in Devonshire. A few 
years thereafter, several other establishments sprung 
out of the same place, ami settled in Devon and 
Somerset* constituting a considerable body of lace 
mamifwctorii's m the West of Kngland. 

The persons who have distinguished themselves 
most in the department of lace machinery as a part of 
the factory system, are Mr Ifeathcote^Mr. Morlcy, 
Mr. Sewell, Mr. William Jackson, and Mr. William 
Henson. William Mosely, of Had ford, attempted to 
work the lever machine by a rotary motion without 
success; otliers. who made a similar attempt with the 
pusher end traverse-warp machines, met with no better 
fate. It is a remarkable fact, highly creditable to the 
mechanical sagacity of Mr. Morley, tliat no machines, 
except those on the circular bolt principle, have been * 
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power. 

The number op rwirt-iace machine* at work in (hn 
country may 'be estimated at upwards of 4,000, of 
which the majority are constructed either on the cir- 
cular holt or lever principle. • HeathcoteV patent 
machine, known hy the name of the Loughborough, 
o% more properly, the OKI Lougjibormigh, may lie 
considered to be entirely obsolete. The nurnl>cr of 
traverse- warp machines is not considerable, and is on 
the decline. The pusher machines an* very limited 
in number, but they are kept up on account of a kind 
of lace, called a (irecian net, a showy fabric, for which 
tjiey an* peculiarly adapted. 

The quantity of bobbin-net lace now* produced in 
the kingdom is prodigious, and has caused a de- 
pression of prices quite unparalleled in any other de- 
partment of the cotton -trade. Four -fourths lace was 
sold in 1*09 by Messrs. Heatheote and Lacey for five 
guineas n-yard. Lace of a better quality may now* 
he pure hams! for 1 v. (W. Quillings, or narrow edges 
of lace, as first made by the traverse-warp machine, 
three inches broad, were sold in 1*10 for 4r. 6 d. 
a- van! ; and they art* now idling, of a better fabric, 
for IV/. 

Besides the lace machines in Nottingham, Ixmgh- 
borough, and in the Went of England, there are in the 
town of Derby alone 150, of which those in the beau- 
tiful factory of Messrs. Bodefi and Morlcy turn off 
fully 40,000 square yards per week, a quantity capa- 
ble df covering eight acres of land.* 

• See Statistics of the Bobbia-Net Trade in Book IV". 
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SECTION II. 

Bobbiu-Net Lace Manufacture. 

The annals of industry oiler no example of such re- 
markable vicissitudes in the wages of labour, and no 
such instructin' lessons of the influence of mechanical 
improvement to lower the remuneration of the fe^, 
while it multiplies tlie employments of the many, 
as tlie manufacture of bobbin-net lace. For several 
years after its first commencement, about the year 
1810, it was no uncommon tiling for an artisan to 
leave his usual calling, and, betaking himself to a lace- 
frame, of which he was part proprietor, realize*, by 
working upon it, 20 a., HO.v., nay, even 40*. a-day. Ill 
consequence of such wonderful gains, Nottingham, the 
birth-place of thin new art, w ith Loughborough, and the 
adjoining villages, liecamc the scene of an epidemic 
mania. Many, though nearly devoid of mechanical 
genius, or the constructive talent, tormented themselves 
night and day with projects of bobbins, pushers, 
lookers, point-bars, and needles of every various form, 
till their minds got permanently bewildered. Several 
lost tlitMr senses altogether ; and some, after cherishing 
visions of wealth, as in the old time of, alchemy, find- 
ing their schemes abortive, sunk into despair and 
committed suicide. 

Such lias l>een the progress of mechanical improve- 
ment in tin* luce manufacture, that the cost of labour 
in making a rack , which was, twenty yearn ago* 
3jp. or fort y^ wo pence, is now only me pmm$. 
One of Mr. Morley’s overlookers informed me that he 
had been, a few years ago, proprietor of a lace nut- 
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doom, for which he had paid 230/., and by which he 
could earn 30s. a-day, which he sdd two months be* 
Core the time I saw him (in October, 1831), for two 
founds. 

The price* of this beautiful fabric have fallen, as 
already stated, in an equally remarkable manner. 
Twenty years’ ago a 2*1 rack piece, * broad, fetched 
w> in the wholesale market; it, is now sold for 7s. 
Such are the wonderful achievement* of machinery! 

Ordinary bobbin-net resembles in its texture the 
plainer kinds of pillow-made lace. The threads, as 
we liave said, are entwined together, so as to form per- 
fectly regular six-sided holes, the two opposite sub's 
Of which, the upper and under, lie in the direction of 
the breadth of the piece, so a* to stand at right angles 
with the selvage, or border line. 

Figure 1 17 will serve to explain clearly how those 
regular and equal-sized hexagons arc produced by the 
crossing and intertwisting of the threads. Here we 
see, upon a magnified scale, how the fabric resuitft 
from the conjunction of three lines of thread; one of 
which proceeds from al>ove downwards, in a winding 
path ; another of the lines runs tow ards the right, and 
a third to the left, both of them, also, in zig-zag 
directions. 'Wiese obliquely -disjwised threads wind 
round the up-and-down or warp- threads, and also 
cross each other in the interval U’lwixt the warp, both 
after a like manner, which may be clearly understood 
by inspecting the figure, without further explanation. 
The waiqi- threads are, as abate stated, extended at 
first in straight perpendicular Hups in the machine, 
and derive their serpentine curvature*, in the course of 
the work, from the tension or draught of the obliquely* 





358< 

disposed ttefc'thrcads, by which theyare alternately 
drawn to the right and the left during the interlaced 
went. If we suppose these warp-threads to be ln~ v 
flexible wires, the fabric would have, consequently, the 
appearance represented in fig. 26; and although it 
does not really resembfc that drawing, yet the manner 
of entwining the threads will be more readily appre- 
hended from the inspection of that sketch. The warp£| 
threads proceed in the direction, a a, a f a\ a " a ft ; the 
one half of the bobbin, or weft-threads, takes the 
dircetion b b , V //, !>’ //' ; and the other half crosses 
round the first half, in pursuing the winding path, 
c c, or r # r', towards the oppc%ite border of the web. 
fn tracing the route of a single weft-thread, we shall 
find that it persists in the same course till jt reaches 
the last or outermost warp-thread, around which it 
winds itself, not merely once, as it has done round the 
other warp-t breads, hut twice, and then turns back to 
wind itself in the opposite dircetion. This return of 
file weft -threads forms the selvage of the piece. 

The beauty of bobbin-net lace depends, not only 
upon the quality of the threads, but principally upon 
the perfectly hexagonal shape of the hole's, and equality 
of their sizes. The nearer ilu* warp-threads lie along- 
side of each other, the smaller are the*holcs. and the 
finer looking is the lace. 'Hie number of warp-threads 
in a piece one yard wide may vary from 700 to 1,200, 
which corresponds to from about 20 to 34 in the inch. 
The breadths of the holes cannot, however, be directly 
deduced from these nun i hem, because the holes are 
eu]«rg$r by the|jprpent-like bendings of the warp- 
threads. 

Bobbin-net is usually brought into the market in 
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pi***, of (tom 20 to 30 yard*, or even more, in length, 
and of very variable breadths. The narrow riband* 
of bobbin-net, called quilling-lace, or ruffles for cap* 
borders, from about the breadth of the finger to that 
of the hand, are worked in many breadth* at a time in 
the tame machine, in which thoavarps of the different 
quillings an* stretched in the same vertical plane, ami 
|$* connected together in the working, in order to 
present, by their mutual tension, those irregularities 
in tlte forms of the meshes, which would be apt tt> 
happen in the crossing of the weft, if they were woven 
separately. This temporary conjunction is made by 
means of a single warp* thread destined for that pur- 
pose, wliich is drawn in a zig-zag direction from the 
border of one riband to its neighbour, being entwined 
by the well with both. When the fabric is formed, by 
cutting and drawing out these union threads, the 
quillings become distinct pieces. 

Tile different systems of bobbin-net lace machinery, 
all of which have been invented, or at least been inadte 
practicable, since about the year 1810, may 1 m* referred 
to the following heads : — 

1. The Old Loughborough double tier, or Heath- 
cote s. 

2. The single tier, on Steven son’s principle. 

3. The improved double tier, or Brailey s* 

4 . The single tier, on leaver's principle. 

5. The Old Loughborough improved, with pump- 
ing tackle. * 

fi. The pusher principle, 

7. The traverse -war]), or Browjj and Freeman’* 
machine. 
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Si, Thi traveise-warp rotary, or Lindley aod 
Lacey** « 

9. The straight bolt, or Kendal and Morley V 

10. The circular bolt of Mr, Morley. 

1 1. The circular comb, or Hervey s. 

12. The improved fevers. 

^Tlie above-named max *1 lines comprehend the greater 
part of the principles upon which the apparatus 

r ufacturing lace have been founded. Steam-power 
been applied to three of them; to the circular 
comb machine, or Ilervoy’s; to the circular bolt 
chine, and to the straight bolt machine. 

Before describing the circular bolt double-tier ma- 
chine, with two sets ©^bobbins, lt nm y htdp to conuxttl- 
nicate a clearer conceflion of the Imbbin-net^abric^ if 
we first describe the changes of |H)*ition among the 
threads upon the single-tier system. The operation is, 
however, quite similar in both machines. 

In the original machine, on the pusher principle, 
commonly called Crowder uiul Days' improved pinker, 
first introduced in the year 18*20, fourteen general 
motions of the mechanism were necessary to complete 
the intertwisting of the threads in the formation of one 
hole or mesh ; but in another form of the same ma- 
chine, made the subject of a patent by Mr. Joseph 
Crowder, of New Kadford, near Nottingham, in May, 
1 825, only ten motions are required to effect the same 
object. These improvements may be referred to three 
principal heads; 1. The employment of two series of 
pushers upon each side of the machine, to push the 
tobMtyt -across lateen the warp-threads, backwards 
and forwards ; these are attached to two distinct bars 
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in Aral; nod to two in the hack of the machine, which 
ate called the upper and lower front and back pusher* 
bam, 2* The employment of a single guide-law for 
conducting the whole series of warp-threads in place 
of two which had lieen previously used : it derive* its 
lateral traverse movement called jrAoggmg, front cer- * 
lata eam-wHMs. 3. The introduction of two hers 
|$fclied locker-hars , or frtchers . siipihir to the hur* em- 
ployed for completing the transfer of the bohlm* 
across the upright plane of the warp-threads, whffh 
had been partially driven through hy the pushers. 
Tlte bobbins are represented in their places ut G, C». 
in plate X.. fig. 1 ; and separately, in the same plate, 
figs. 3 ami 4. The slits, called ga/r.«\ in the holts or 
combs which they travel backwards and forwards 
across the warp are shown separately in fig’, 0. and at 
k , k \ in fig. 1 of the same plate. Iu that species of 
machine there are tivo sets of bobbins, the working 
of which will hen^fter he explained. For mir pre- 
sent illustration, only one row of bobbins is to be cote- 
side red. 

The progressive formation of the meshes through 
the ojieration of these ten movements will be rendered 
more intelligible hy the following development, taken 
along with the following figure*, llf», 117, 11H, — 128. 

'Iliese sketches represent the relative posit ion* of the 
main part* of the machine, Iwfore the lace- weaving 
begin*, and also after each of the ten movements. The 
numlier of lyarp-threads introduced for the purpose of 
our explanation is eight ; it may he increased to any 
amount by the fancy of the reader. 'I'heae Hhreada 
am marked with numbers in their natural order; as 
well as the bobbin-carriages which are introduced 
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tbtf$£$i4h e gates or channels of the bolts in the lines 
\jtkt0f%kn lh<| warp. c To make the station of the car* 
rftgfe manifest, thos# anterior to the warp upon that 
front bolt* or comb are drawn in full lines; those be* 
hjud the war$ upon the back bolt, in dotted knee. 
The two strong lines, y, /, j 9 /, k, k. k, k, denote the 
front pusher-bar, and the letters of the alphabet, 

« $r 
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pushers themselves ; under the doited lino*, fiwAil^rtlp 
i» U we nmj figure to ounejves* th^two 'JMk' 
pqsHer-bsre. In the machine, these back and fruit 
pusher* are placed at the same height, anci upon a* 
level with the bobbin-carriages. Thi* position could* 
not. however, lie represented in<the present figures, but 
the imaginafeoh will readily supply thin* defidieitcy, 
Tthe relative dimensions of the parts nuiy be thrown 
nfltireiy out of view, without affecting the illustration. 

At the commencement of the operation, all $ke 
parts of the machine art* supposed to be in the state 
figured in 1 IS. The driving arms are placed so that 
the front pushers, /, £, a re near to the warp; all the 
bobbin carriage are stationed upon the hack bolt (its 
k\ plate l X., tig. 1.) The front pushers, upper and 
under, *fh»»d in pairs, the one right over the other ; 
the back pushers are shoved towards each other so 
that u pusher is opposite to eac h carriage. 'Hie front 
locker, or fetcher-bar, is mined up, the hack one is in 
its lowest position. The warp-t breads are stretched in 
a vertical plane (xrr 1\ plate X., fig. 2.) To each of 
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4 imn 4 weftrthraa^ia twisted fast underneath* The 
by w^ucb a row of meshes or holes m 
formed obliquely across the whole piece, proceed in 
the ^^WiQ^ynaimer 

^ The wHlte series of bobbins are moved from the 
book to the front bolt drawing along with them all 
the weft-thfeads, through the intervafe*of the wars^ 
threads* at the same time that a^borizontal roUer^n' 
the lower part of the machine makes a tenth part me 
a devolution. The warp is moved one gate or bolt* 
space to the left by the traverse of its guide-bar; 
whilst the two bars with the bolts, and the pushers 
k, i. A, remain in their places.^ The position of the 
several parts now is as represented in fig. 119. Each 
of the bobbin-carriages has, at present, one of fhe front 
pushers, y, A, before it, the last carriage (8) excepted. 
The warp-threads ha\e, in consequence of the traverse 
of the guide-bar taken an oblique direction, and hence 
the carriages are placed in such a position that at their 
next passage through the warp they may go by the 
right side of those warp-threads from whose left side 
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they had last emerged. In or^r to perceive this 
more plainly, we have only to eo&$p&re the positions 
of the carnages 2, 3, See., with the warp-threads 
marked with the same numbers in fig. 1 18 and 119. 

2. At the second movement the pminers, j, k , ad- 
vance towards the warp, and push the whole of the 

bbin-carriag£s, with the exception of the|fcst|j(upof! 

no pusher is acting.) from the front to the back 
It, on to which the fetcher-bar draws them. The 
bobbins, as we have said, return now by the right hf 
those warp-threads by whose left they originally 
passed. The back bolt, with the carriages resting on 
it, is moved a gate the left, and the lower back 
pu&her -bar a side-step to the right. The pushers A,J, 
k, the front bolt -bar and the guide-bar remain at 
rest. Fig. 120 represents the position of all the parts 
after the second movement. 

3. At the third movement, the back pushers, h , », 
which now stand in pairs nearly over each other (tee 
% 120,) drive only the half of the bobbin-carriage* 
(those which are marked with the odd numbers, ex- 
cept No. 1.) forwards through the warp, and to the 





th^r wiarp-threads. The pusher-bfcr 

jsjtqa% e» one m4«#tep tajthe fight ; the guide-bar does 
ah# the oth^fcrs irenjain unmoved. Fig. 
12|* «the parts after the third 

mdv|ment*^ie w#rp-threads are once more vertical, 
and onerhijf Qf^the bobbin-carriages are placed upon 
gtje fcfnt |p)t,<and one-half upon the back bolt; the 
front and back pushers stand i repairs over each «#*•: 

4. The condition of the front pushers,^', A, is tfae 
cause of their making an empty, that is, as to the dis- 
position of the bobbin-carriages, an inoperative move- 
ment, since they pass free between the front gates, and 
cannot reach their opposite carriages that are standing 
upon the hack holt. A glance at tig. 12 1 will remoVe 
all doubt in tins respect. The front bolt, with the half 
number of the bobbins standing in it, moves one gate 
to the left, and the back bolt, with the other half of the 
bobbins, moves one gate to the right, at the same 
time, the front pushers, /, A\ make a side-step to the 
•'left, to get out of the way of the bobbins, which might 
otherwise strike them on the sides. The back pusher- 
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bar, and the guide-bar remain ^ rotr i snows 
the changes introduced by the fohrff inovemen# ^ / 

5. The remaining half dl^ha bebbimcaMageg ^ are 
shored through th$ warp firom/th£ front 

bolt^to the left of their wArp-thtbad^^jPhe^ ypjpter 
front pusher-bar, j f traverses ow step to toe right, the 
binder front pusher-bar, A, two step# toftljE ripit^tlfe 
'i&Qjt bolt with the ^obb i n - ca r ria one step to the 
and the guide-bar one step to the left The 
back bolt, and the two back pusher-bars, A, #, remain 
still. The third to the fifth movements have crossed 
the threads of the bobbins round the threads of the 
warp. In fig. 116 they? crossings are marked with d. 
It is necessary to make these fast before the work pro- 
ceeds further. The needles upon the point- bars serve 
for this purpose (sec explanation of plate IX., fig. 
2). At the moment when the fifth motion has com- 
pleted the crossing of the threads, the front point-bar 
applies its needles to that crossing, and keeps it fast. 
Hie motion of the point- bar is a compound one, for its* 
needles must be withdrawn from the web in a truly 
IV. 
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horizontal direction, and then be lifted up. With the 
downward pressijfc of the thread-crossing by the point- 
bar the ffrst half of the row of meshes is completed. 
The preset position of. the part£ of the machine is 
shown in fig^!23. The sections of the needles which 
hold down the crossings of the threads are here repre- 
setyie# iik%smal I circles, in order to make the crossings 
obvious. 

At the sixth movement the front pushers, 
shove all the carriages from the front to the back bolt, 
with the exception of the first, which is left alone be- 
hind. The under pusher-bar of the back pair, i, moves 
one step to the left, and the gyide-bar one step to the 
right, while the other bars remain at rest. Fig. 124 
shows the positions thence resulting. 

7. The seventh movement brings all the bobbin- 
carriages from the back to the front, in which they pass 
on the left side of their respective warp-threads, on 
whose right they were at the sixth movement. The 
* under front pusher-bar, k y moves one step to the left, 
the guide-bar also one to the left, the back-bolt, which 
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is empty, also moves one step to the left. All the 
other bars remain in their places 12§). 

8. At the eighth movement one-half of the bobbin 
carriages (in the order of their station, 1, $|5, 7,'&c.) 
movc^ from the front to the back bolt, as no pushers of 
the bar, j, k , stand opposite the Other carriages. The 
callages now^pass each one to the right of its warp- 
thread. The guide-bgr takes a to the left, and 
Ab pusher-bar, i, a step to the. right, while the otlufW 
bars remain at rest (see fig. 1'2C»). 
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t). At the ninth movement the back pushers come 
forWard alone — tnat Is, without striking the bobbin* 
carriages, one-half of which stand upon the front, and 
the othe/ hpon the back bolt. The front bolt new 
moves one step to the left ; the back bolt and the two 
back rows of pusher#, A, t, move one step to the right; 
the other pushers and the guide-bar remain unnoted 
(see fig. 127). ft . ; ' 

ft 10. The tenth movement drives the half of the bob* 
VIII. 
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bias which axe upon the front bolt from these to the 
back bolt* by the right-hand side of trfeir warp-threads. 
The back upper pusher-bar, A, takes a step to the left, 
the back under pusher-bar, t, takes two jteps to the 
left, the front bolt, which is empty, one step to the 
right, the guide-bar two slops te the right, while the 
beA^bolt bar 8n<l the two front pusher-bare remain in 
their places. The eighth, ninth, and^enth movements 
hive again effected a crossing of the weft -t breads giv^ 
out by the bobbins (see fig. 1 1 0, d\ d\ d\ d'). At 
this moment the back point -bar, in like manner as the 
other point-bar formerly, withdraws its needles from 
the web, and lifts them iip. Thereafter, by its depres- 
sion, the noodles are applied and pressed down upon 
the new fabric, so as to complete the mesh or row of 
holes. 

After the tenth movement the roller which moves 
the bolts and bars is in the same position as it was at 
the beginning of the first movement. All the other 
parts are also in their primary situations, namely, the * 
guide-bar, the pushers, and the holts, as may be per 
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eeived by couiparjpg figures H8 and 128. These ten 
movements bring repeated, a second row of meshes is 
produced. 

g With respect to the carriages with the bobbins, they 
stand in one row, after the tenth movement, just as' 
they did at the beginning : yet they have change*! their 
places relative to eacli other ; for that bobbin which 
was formerly the first in the range is no longer so«T If 
'V consider, in fig. 1 16, the course of the weft-threads, 
we shall remark the necessity that the bobbins of every 
thread, by going in the direction r, c, or r\ c\ after 
every crossing, must stand one step further to the right, 
and also in other gates, or betwixt other bolts. In this 
way, but towards the left, hand, those bobbins must 
proceed which belong to the threads running in the 
direction b, A, b\ //, See. This march becomes on both 
sides a countermarch when the bobbin-carriage arrives 
at the selvage of the web ; it then returns, and pur- 
sues its way backwards until it reaches the opposite 
border, fu this manner a continual interchange of 
places occurs among the bobbins, and indeed this 
change happens every time at the fourth and ninth 
movement, when the bobbin-carriages are parted upon 
the two holt-bars, and one of these bars is shogged to 
the right, and the other to the left. 

The bobbins at the beginning of the fabric (see 
fig. 122) are marked with continuous numbers, but, 
for the sake of illustration, only eight ^bobbins are em- 
ployed. If we follow all their changes' >f plap' during 
the ten movements, and mark those bobbins w^ich arc 
stationed upon the back bolt w ith an asterisk, we shall 
have the following diagram ■ 
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At the commencement . 

Position^ the Bobbins. 

♦ • 

* ******* 

12345678 

After the 1st movement . 

1 2 3 4 5 6 7 8 

h 

it 

2pd 

)» • 

.******* 

12345678 

a 

3rd 

♦ * • 

* * * * 
1-23 4 5 6 7 8 

it 

4th 

»» • 

(b* * * 

(3)2 5 1 7 6 8 

>f 

5th 

• 

j » • 

1* 3 2 5 4 7 6 8 


6th 

♦ » * 

* * * * * * * * 

1 3 2 5 4 7 6 8 

»* 

7th 

* * 

13254768 

it 

8th 

*» • 

* * * * 

I 3 2 5 4768 

t » 

9th 

a • 

* * * * 
3 152748 6 

it 

10th 

a • 

******** 

31527486 


The two figures standing over each other in the fifth 
line show that Jiere two bobbin-carriages stand oppo- 
site each other, of which the one is upon the front, and 
the other upon the back bolt bar. 

Wc see fro^i this diagram that,* after the sixth and 
the tenth moyments, the bobbins, although they again 
stand in one*range upon the back bolt, have changed 
their places relative to each other. If we mark them 
once more with continuous lumbers, we shall find such 
a change to take place during the ten movdinents 
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which Ere requisite for the formation of the second row 
ofmfcshes. fearing to every bobbin the number 
originally assigned to if, and, pursuing these raeta-^ 
morphoses a step further, we have the following dub* 1 
grail!: — 

Position of the Bobbins. 

1 Movement 1 2 3 4 5 6 7 8) 


6 

1 3 2 5 4 7 0 8 

4st row 

of meshed 

10 

3 I 5 2 7 4 8 6J 


* 

*6 

3 5 1 7 2 8 4 61 

•2nd 


10 

5 3 7 1 8 2 6 4j 

99 

6 

5 7 3 8 1 6 2 1) 

3rd 


10 

75836142 

>9 

6 

7 8 5 6 3 4 I' 21 

4th 


10 

87654321 

99 

i 

6 

8 6 7 4 5 2 3 11 

[■5 th 


10 

6 8 4 7 2 5 1 31 

*i 

6 

6 4 8 2 7 1 5 3 

jfitli 


10 

4 6 2 8 1 7 3 5 

99 

6 

4 2 6 1 8 3 7 51 

[7th 


10 

2 4 1 6 3 8 5 7\ 

99 

6 

2 1 4 3 6 5 8 7 

[8th 


10 

1 2 3 1 5 6 7 8 

99 


It is obvious that, after the completion of the fourth 
row of meshes, that bobbin which was originally the 
first has become the last, and the last has become the 
first ; ami that, alter eight rows of meshes, every bobbin 
resumes its primary place. This restoration occurs* 
generally speaking, after as many rowp of meshes as 
there are bobbins in the apparatus. ^ 

Onft of the essential peculiarities o* th& above- 
described machine is that the expanded warp-tnreads 
form a single vertical plane* and that the bobbins are 
usually in a single range* which is parted momentarily 
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iota tiro rows only <M* that instant when, from the 
change of place in the carriages! the dfcbssing of the 
weft-threads is effected. The bobbin-net machines of 
this nature, which otherwise differ in many particulars 
from each other, constitute a peculiar class. A second 
^rea^division comprehends the machines with double 
r0ws of bobbins* which hare this essential character, 
that the bobbins are always arranged in two rows, 
which, during the weaving, stand sometimes upon the 
front, and sometimes upon the back bolt, opposite to 
each other ; but occasionally they are both upon the 
front bolt, and finally both arc? assembled upon the 
back bolt. In the last Jwo cases two carriages stand 
behind each other in the same gate of the bolt, and 
the length of the bolt must he proportionally in- 
creased. In the machines with double rows of bob- 
bins the warp is also parted into two halves, each of 
which extends over the whole breadth, and both are 
so placed that, their threads lie nearly behind each 
other, like one warp lying over its fellow yarns in a 
loom. If, in the following series, 

b h b b b b 

a a a a a a, 

a represent the threads of the front warp, and b 
those of the ba<Jc warp, we shall have an idea of their 
arrangement, one behind another, in a horizontal sec- 
tion. The main advantage of the double-tier con- 
struction is, tl^t the intervals between the double 
warp may be great as in tke machine with single 
warp; aiftd tl£t consequently the bolts and bobbin- 
carriages may be made less thin and tender. The en- 
twining of the warp-threads by the weft-threads » 
effected in such a manner that every warp-thread may 

r 5 
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be shoved, by means of a sing^pguide-bar, both to the 
right and tSh Veft^ in turns. Let us suppose, for 
example, that the bobbin-carriages have passed from 
the front to the rear through the warp, and that therfe* 
aft^r the thread, a, has been shogged one step t to the 
right, or b one step to the left ; the warp-thresral will 
than have this arrangement, 

b b b b b b 
a a a jn a a; 

and, should the bobbins return now to the front, their 
threads mifct have been wound about the threads of 
the shogged warp. After the interlacement, the warp- 
threads will form only a singjo row, 

a h n b a b (i b a b a by 
in consequence of tin* reciprocal tension of the weft- 
threads, and the insertion of the needles of the point- 
bar, so as to preserve them at their proper distances 
llie number of movements which are required to 
form a row of meshes with these double-tier machines 
varies according to their difference of construction. 
It may be done with fourteen, twelve, ten, nay even 
with only six, movements, when the mechanism is upon 
the most improved principle. 

Bobbin-net luce is a thin semi -transparent web of 
fine cotton thread, arranged in hexagonal holes or 
meshes. It is produced by means of a warp, shed in 
two layers, as in a plain weaving-loom ; only the 
threads are further apart. The waft, however, is 
applied in a ^ery different way. It\consiets in, an 
equal number of threads with the wlrp^t&ch are 
made to revolve round every two threads of ihi warp, 
ao that, after every such revolution of the weft- 
threads, the relative position of the two warp-threads 
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0 changed. Among$|^ the pairs of the warp- threads 
which have been just twined JogetSlIr by a weft- 
thread, one of thgm is shifted to the next warp* 
^thread Upon file left, and bound to it by the convolution 
of the weft-thread. After this the shifted Warp- 
t hr d lfl s change back t6 their former position, when 
they are jigatu laced together by the weft. Then «t ho 
Other threads of these pairs shift to the right, and are 
bound jogether with t ho. remaining threads upon their 
Hght-hand side. 

While this change* iu the position of the warp- 
threads is effected, the weft -threads which bind thorn 
together also progressively move to one side, so 
that, after the warp-threads have been laced twelve 
times with a weft-thread, the latter moves sideways 
through one interval of the warp-thread, and, if it 
were coloured, would produce, in the course of weaving 
the lace, a diagonal line across its texture. Lace- 
weaving, therefore, differs from common plain weaving 
in this, that the threads of one pair of warp are not* 
alternately raised for the purpose of introducing the 
weft, but are slufted laterally to the next pair, to 
which they are united by the weft-threads, working 
likewise in pairs, each of them entwining two indi- 
vidual thread%at a time. 

The lace%nachine represented in plates IX. and 
X. is one of the most effective ai^l improved forms 
which Engiish^ngenuity lias created. It is called the 
double-bolt fame, from its double range of combs or 
bolts ; IsM dpuble-tier, from its double row of bob- 
bins. It owes its perfect state to Mr. Morley, of 
Derby, to whose kindness, and that of his pubKe- 
sprited partner, Mr. Boden, proprietors of the noble 
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lace qf Tterby, so jv$dp celebrated inthe 

Factb^^ra«pftsi4>a Report, my readers *re indebted 
for ’the fl&sent development of the lace manufacture. 
iKr. Morley’s machine combines w it h^the^gre&tetff 
posable simplicity many other valuable properties, 
especially that of goipg at very considerable 4 $|jed, 
anc^ producing solid and beautiful work. 

* Plate X., fig. 1, exhibits one of the JSfe views o^tfaifa^ 
lyce-frame, which differs very little fronPth|, other 
end. 

Plate X., Sg. 2, js qpc-half of the front view, in 
which some of the framing has been left out in order 
to show the working apparatus behind it 

Plato IX., §g. 1, is a transverse sectidi to display 
the internal operation of the machine ; and in which, 
therefore, the driving-goer seen in Plate X. is not re* 
presented, 7’his section is drawn upon double thy 
scale of the other figures, to render the minute parts 
more distinguishable. 

Plate IX., figs. 2, 3, 4, 5, 6, contain^details of 
several parts of the machine, drawn in half of their 
jretd size. v 

With respect to fig. \ of this plate, one of the end 
frame's, A, A, of the machine, is shown ; which frames 
are joined together upon each side by r the rail, B, as 
seen in plate X., fig. 2. 

B is an iron beam which connects together the 
tops of the framed A. C is a roller vpon which the 
warp-thread unwound, and may therefore be called 
the thread-beam. The length of this or 

three yards, according to the intended breadth of 
web. D is another similar roller, upon which the 
finished work is wound, and may therefore be called 
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tfee lace-beam* Tfygjwarp-threads ferp extended be* 
tween these two roller in a pcrpen<|icn^ar direction. 

E is an iron bar, fixed with 4U ends in %* frames* 
It, A. Jiouftd its straight edge the woven fabric is led* 
in its way to the lace-beam, D. 

£%nd F # are two bars extending the whole length 
pf the mjjghincf: on whose under edges are the gulde- 
n'. These have slits in their edges, 
the warp-threads Ve conducted in two 
rows up to the eyes, a and * These eyes are tHe 
points of needles, whose other ends east into 
pewter bars or flanges, which are screwed to the bars, 
PUnd F'. In plate IX., fig. 2, these guide-needles 
are shown iti half their natural si/e. 

Each guide-bar, F and F', contains a range of these 
needles equal in number to one-half the number of 
threads in the warp : r, c, are little wooden rollers or 
Stars, at the edges of the lacc-wcb, furnished with 
sharp points, which go into the meshes of the lace as 
Li is gradually wound upon its beam, D, in order tq 
keep it distended. 

The weft-threads which are to pass through the in- 
tervals of the warp, in order to entwine two threads 
of the two layers of the latter together, are wound 
upon elegant tiny bobbins; one of which is repre- 
sented, of halt* ts real size, in plate IX., fig. 3, in a view, 
d, and a section, d'. It consists of tw o thin brass discs, 
fasluoued in e/tamping or coining*press, with a hollow 
in the middl 'Of each ; the tw.o discs being rivetted to- 
gether jp p to leave a narrow s$ace, or circular 
grooftt ^between them, into which the thread is 
wound* There is a round hole iu their centre, having 
little notch at one point, for running them upon a 


plates, a and" 
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spindle-rod, with a feathered e^ge to fit that notch, 
and p^jgvent thorn from turning Ground the rod. This 
spindle ieput into an appropriate winding-frame, figs. 
129 and 130, for filling the bobbins with ihrepjjd prior 
to tlttir introduction into the lace-machine. 

Each of these tiny bobbins, d> d* , is inserted rathin 
a little iron frame, G, fig. 4, called the -bobbin- car- 
riage. r Hie figure exhibits it, both i it view and sec- 
tion, of half its true size. Into the circultr hole of 
this carriage the bpbbin is inserted, so that the 
groove-borders of it $ di^p embrace the narrow edge, 
e , e , and are kept from falling out to the onesitle.or 
the other by the pressure of a spring, f, which applies 
sufficient friction to prevent them revolving too easily, 
but still so little as to permit their giving out the 
thread when it is pulled with the very gentle force em- 
ployed in the machine. The thread is led through 
the eye, at the top of the carriage, in order to be 
wound off in the formation of the lace. & 
v The carriage G has a curvilinear groove A, A, turned 
out upon each of its faces or sides, the depth of which 
is seen in the section. These grooves fit the intervals 
between the teeth of the comb, or bars of the bolt, 
shown in plate IX., fig. 6, in which the carriages slide 
backwards and forwards. The carriages are driven 
by the impulse of a bar against one of the projecting 
catches or points, i, which remain helow the under 
surface of the bolt <fr comb. 

The bobbins^ with their carriages* which are equal 
in number to the weft-threads, have to 
the. narrow intervals between the equally 
warp-threads. They are, with this view, arranged in 
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a double line, in which the intervals of the double warp 
are only half as ntiniefous as the threads* ^ 

In plate IX., fig. 1, two cafriagcs, with their en- 
closed jobbing, G, G, are seen upon each side of the 
warp-thread, and they may be supposed to be tlfe two 
endlsnes of two horizontal ranjts or lines. 

*are iron bars extending the whole length 
of the machinS, to which arc fixed two lines of curved 
brass pi Jfces, having their ends east into or imbedded 
in pewter flanges, which sene jpr screwing them fast 
to the bars, 11 and II'. These curved parallel plates 
are called bolts, though they more closely resemble 
cdkubs, with very thick strong teeth These brass 
plates, marked, k, k\ in fig. 1 , form therefore two 
rows of curved channels upon each side of the warp, 
and are half as numerous, in each bolt, a# the car- 
riages, G, G', which ride between them. 

The free ends of the teeth or bars in the opposite 
bolts stand so near to each other as to leave room 
merely for the proper motions of the warp-threap 
betwixt them. Hence the carriages, in their passage 
across* reach the back bolts before they have entirely 
quitted the front ones ; so that the short break or in- 
terruption in their curvilinear pathway, at the line dt 
the warp, does not interfere with the uniformity and 
smoothness of their movements. 

A few of tltesc bolts are shown of half their size in 
fig. 6, both w ground plan and # in side view. The 
pewter bar 'ft which one of Jtheir entfe is cast is seen 
in Up grouad plan as broken off from the rest These 
are^faced,&s we said, upon each side of the vertical 
warp-threads, with a distance between their comb-like 
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tips of about half an inch, (see kfk f , fig. 1, plate IX*) 
throu gh which intefvs^the warp- threads are stretched , 
in t parallel vertical lines. The curvature of the two 
bolts, taken together, forms the segment of a cylindrical 
surfa^b. The two sets are placed right opposite, $0 
that the two carriages* which always rest uponSne 
bolt, may be shifted from the comb, k, tp the opposite 
comb, k\ after passing through the intervals between 
the warp-threads. 

The carriages are driven alternately from the one 
comb to the other by the two bars, l and having 
their ends fixed to frames which vibrate round the cen- 
tres, m, also the centres of curvature of the circular 
bolts. When, however, the driving-bar, l or has 
pushed one of the line's of carriages nearly across the 
intervals of the warp, the foremost of their projecting 
catches or heels, i , /, is laid hold of by a plate, n , 
fixed upon the horizontal shaft, I, which thus pushes it 
quite through. Afterwards the second line of car- 
riages, G', is driven through by the bar, o, also fixed 
upon the shaft, l, which carries them across the interval 
by acting aguinst their foremost projections, i, k The 
same thing is performed by the shaft, I', when the bar, 
/', drives the two lines of bobbins in the opposite direc- 
tion. f 

The beam, II, with the combs or bolts, k\ attached 
to it, can be shifted sideways a little. By this traverse 
motion the position of the comb, k\ is yhanged rela- 
tively to that of ^the comb, k, by one interval or tooth* 
so as 4 to transfer the carriages to the n^ avowing 
bolts. When this shifting is twice performed, the car- 
riage, G', is led to the right, and G to the left* as will 
afterwards be explained 
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'The particular lin#^f the warp, marked m, plate 
IX-.; fig. 1, is that where the mph& of the lane are 
made while the bobbins are moving about to entwine 
the warp-threads together. 

I/, are two bars, called the point-bars, whiclf are 
suspended by the arms p>p', from the shafts, q and q\ 
round whdfc£ axis they vibrate. They also turn at 
their joints with the suspending £ods, so that each of 
the bars may be shifted, as is shown by the dotted 
•lines upon one of them (fig. 1 ). 

Upon each of these bars, L and L', pewter flanges 
are ^crewed, into which a line of pointed needles are 
cast; ns shown at r, r, fig. r >i plate IX. The needles of 
both bars lie in a horizontal plane, and in the intervals 
of each other, when the bars are placed as shown in 
fig. 1 , plate IX. 

* After the bobbins have moved several times round 
about the warp-threads, and entwined their threads 
with them, one of the point-bars. Lor L\ is moved 
with its points from the intervals of the warp, which* 
lies in the spaces left by the corresponding needles of 
both bars, and, by receiving a downward motion, falls 
in between the warp-threads and the weft which has 
been twisted round it, and carries the latter up to make 
another line of.meshes or holes in the lace, which has, 
in the mean time, wound for such a length upon the 
roller, D. Thei/ point-bar remains now in its place, as 
seen in fig. L und, after some time, tjic other point- 
bar makes the' same motion to produce a second line 
of holeS/ whjch, of course, lies between the former. 

To |fVe now an idea how the warp, consisting, as 
we have said, of two parts, guided separately by the 
two guide-bars, F, F, is entwined together by the weft 
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in passing gradually from the $Wler, C, to the roller, 
D, we shall suppose that both lines of bobbin-car- 
riages, G and G', are upon one side of the warp, and 
upon the bolts k. 

I? The driving-bar, /, pushes the carriages, G*§o as 
to drive the others, (i', through the intervals of both 
halves of the warp ; which carriages are Then caught 
by the plate, w, of the shaft, 1, and carrier! completely 
through. 

2. Now the bar, F, shifts with its part of the warp 
through one interval sideways, and the carriages, G, 
are pushed through, first, in part, by the driving^ar, 
/, and then completely by the plate, ©, of the shaft, I. 

3. The bar, F, shifts back to its former place, and 

the carriages, G, ait* pushed hack by the driver, to 
the bolts, A\ and caught by the shaft, I, in the same 
way as before. .o. 

4. The guide-bar, F\ traverses through one interval 
in the opposite direction of what F did in No. 2, and 
"the carriages, G', are pushed through the warp by the 

driving-bar, /'^to the bolts, k. 

5. The bar, F, shifts back to its former place, and 
the carriages, G\ pass through the warp again to the 
bolts, k'. 

6. The bar, F, shifts as it did in No. 2, and the 
carriages, G, are also pushed through the warp to the 
bar. A'. 

While the latter are passing the poinY.-bar, L makes 
the motions above described, and carries the weft: 
(which had been entwined round the wa$p by the mo- 
tion of the carriages) up, to make a new line of holes. 

7. The bar, F, shifts to its first place, and the bob- 
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bin*carrrages, G, are^jmshed through the warp by the 
driver, l\ to the bolts, b 9 

8. The bar, V\ shifts, as in No. 4, and the carriages, 
G', passthrough the warp to the bolts. A*'. 

The bar, F\ returns to its original place, anil the 
carriages, G', # pass again through the warp to the 
.bolts, k*. 

10. The bar, F, shifts again as in No, 2, and the 
carriages, G, are pushed through the threads to the 
bolts, k*. 

11. The bar, F', comes to its original place, and the 
carriages, G, pass through the warp to come again to 
the bolts, k. 

12. The bar, F', shifts or traverses once more, as in 
Na 4, and the carriages, G\ are also pushed through 
the warp to the bolts, k. During the last movement, 
and before the guide-bar, F', comes to stand in its ori- 
ginal place, as it was supposed at No. 1, the other 
point-bur, U, quits the holes formed round its needle- 
points by the point-bar, L, and, after being drawrt 
down, falls between the warp and w|?ft threads, and 
carries the interlacements of the latter up to form a 
new line of holes round the points of the bar, L; and 
now the same series of movements begins as detailed 
from No. 1 top No. 12. 

While No. 9 is performing, that is, when the car- 
riages, G, are Aout to he pushed through the warp by 
the driving-bar, l , to the bolts, •b, the bolt carrier- 
beam, H', L shifted or traverses an interval of two 
bolts* so as ko make the carriages in the line, G', run 
upon the bolts which lie upon the right of those which 
they* were formerly travelling upon. 
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Meanwhile, before the second l&e of carriages follows, 
as in No. 10, the 'beam, H', has shifted to its fonhet* 
placfe, thus causing the carriages to come f agaht upon 
the same bolts as before. Before these carriages, (J, 
are again pushed to the bolts, k , the beam, H', makes 
another shift or traverse like that, previously made, 
after which the carriages, G, move to the bblts, A, lying 
to the left of those lyhich they were travelling upon 
before, whilst the other line, G, after the beam, H # / 
has shifted to its original position, is pushed (In No! 
12) to the bolts, k , lying to the right of those which 
they formerly were upon. 

On the ends of the machine,, however, one carriage 
of the line G has gone, during these movements, to 
the line G', while one of those carriages, on the line 
G', has gone over to the line G ; so that the carriages, 
viewed in a body, stand as before, though the ind$r 
vidual carriages which were opposite to one another 
are now working, the one at the right side, and thW 
other at the loft. This interchange will be understood 
by reflecting tljat whqp the carriages G' are first 
pushed through to the bolts k\ these having been pre- 
viously shifted to the loft, that carriage which is most 
to the left of the line G comes after the replacement 
of II' into a gate of the combs k '. WhQjn no carriage 
is in the other line, it must remain there till it is 
pushed by the driving-bar, alongV with the car- 
riages into the line, G\ This carriage\ias, therefore^ 
now changed its position from the line G to the line 
G'. Upon the other end of the machine a similar 
change is performed reciprocally. Upon this end of 
the machine only one carriage is working in the lad 
gate, or between the last interval of the bolts. This 
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oaerift^i therefore* travels only when either the line G 
or G'is pushed directly from the driving-bars, / or l\ 
hut is otherwise at rest. This continues to take place 
till the beam* H\ shifts (traverses), and brings tile line 
of carriages G one gate to the left, and G' one gate 
to the right. The said carriage upon the right-hand 
side of the machine will now be shifted m the others 
in G, tlie line G' having got t wo either carriages extend- 
ing beyoud those of the Hue G upon that end of tile 
machine. 

These movements will be better understood by 
means of the following diagram, which shows the po- 
sition of the gates or % bolts, and the carriages of 
both lines, which are represented by the sign 

pm ihwui mi iuuui iiiiim 
Immi itttttti miirii itttttii mi 

Successive Position*, of Dobbins in the Oates of the DolW. 

Fig. 1. Before any change takes place with the 
beam IK * 

2. At the operation No. 0. 

3. At the operation No. 10. 

4. At jt he operation No. 1L 

5. At the following operation. 

In explaining the train of mechanism in this lace- 
frame* the fi £t thing is to shoy how the warp is 
gradually iv^nd from the thread-beam, C, upon the 
other* or lay-beam, D. 

M is a shaft* plate X.* fig. 2, which is driven from 
the mill-shaft J by a strap running over the usual fast- 
•edr loose rigger-pulleys. From this shaft motion is 
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communicated by wheel-work to the other main hori- 
zontal shaft, N, ^cvhich extends through the whole 
length of the machine. 

Near the end of the machine opposite to that 
represented in pla$e X., fig. 1, a cone, 0,is fixed upon 
the iftiaft N (pi. IX. fig. 1), from which another cone, 
R, set. in the te verse direction, is driven by aetrap, which 
may be shifted, or made to^traverse from the one end 
to the otlier # of the said pair of cones, to change the 
velocity of the shaft upon which the cone, P, is* fixed. 

The end of this shaft bears a wormrscrew, which 
drives' *h wheel, seen in dotted limes in fig. 1, plate IX., 
hpon theftjhaft. O, which also bears a worm-screw, that 
actuates a wheel attached to the shaft upon the end of 
the thread-beam, C. 

11 is the guide of the strap fixed \|pon the shaft S, 
which is connected by an arm, and the lintc-rod, T, to 
the arm of a bell-crank lever, IT, which presses with 
its other arm upon the thread of the beam C, and 
thereby, with the decreasing diameter of the beam, 
shifts the strap towa^s the larger diameter of the 
cone, O, and tS the smaller of the cone, P, so as to 
increase fl# speed of the roller, C, as its diameter de- 
creased or to equalize its surface velocity, that is, the 
rate ot^delivdly of the warp. 

Upon tHh shaft, N, close to the cone, O, there is a 
pulley, |rom which another jwiley, V, is driven by 
paeans of strap. The shaft of the puKey, V, drives, 
by ntean^of two bevel- wheels, the upright shaft, W, 
on the upper end of which is another conicpl pulley, X, 
which drives by a strap the conical pulley, Y, on an 
upright^baft* Upon the en& of this abaft there mm' 
worn -screw, Z, which forks in a wheel* ween partly la 
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doited lines, fig. 1. This wheel lias upon, its shad a 
little pinion, which works in a whq$l attached to the 
end of the roller, D. M' is a lever, with a fork at its 
end, to guide the strap along the two cones, X and Y, 
and is connected by a rod/N', with ji lever, O', which 
presses Upon the lace wound upon the roller, D, fend 
thereby guides the strap towards the smaller diameter 
of the cone, Y, and diminishes the number of revolutions 
of. that roller as its diameter increases wjth the ac- 
cession of lace. 

Upon fhe shaft, N, there are likewise two eccentrics, 
r, upon each side, an^l dne, /, in the middle df the 
machine, plate X., figs. 1 and 2, whose use wilM)e pre- 
sently described. ITiere is, moreover, upon each end a 
pinion, ?/, driving the wheels, r, which have three times 
the number of t^pth, and travel, therefore, with only 
one-third ofthe velocity of u. 

Upon each of the short shafts of these two wheels, v, 
there are five eccentrics, u\ .r, //, z fr and z' : w and x 
are upon both ends of the machine exactly the same, 
and consist of circular pulleys, having each one place 
of their circumference flattened. aJ pon ttieir tops, lever 
arms, c, slide, whose fulcrum is fixed upon th#ft&nung, 
A, of the machine. * r , 

Other arms turning on the same fulerpn arefoon- 
nected by the reds, d\ with the arms, e r , fixed to the 
point-bars, L an I/, and may be actuated wj^h the 
arms lying upo f the eccerirics, by mean* of screws, in 
order to bring the points of tjie two bars, L^and L', 
into the proper position, and into the same horizontal 
line. Each of these bars is therefore depressed at 
once, while the shaft, N, Aakes three turnings* 

The next eccentric, y, upon the shaft of the w&dUe, 
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is a circular plate, with three notches at» equal dis- 
tances, each notch being in length about oi*e-tweifth 
ofthe circumference. ‘^Upon an arm, f, which lies 
upon this plate, and tlferefore rises and falls as it 
suras over the qjycumfereftce, or cut-out parts of the 
pyte, y, presses the fyell-erink lever, g\ and this with- 
its oth^r ^tid against the guide-bar, F, which is thus 
stuffed at three periods^c^ring one revolution of the 
wheel, r, yid shifted back as many times by a spring 
working against the other end of the bar, Upon 
the other end of the machine there is a similar ec- 
centric, with this difference, that the notches in the 
latter ftand opposite to those Jri the eccentric y, 

0 Thus it serves to shift the bar, F, likewise three times 
to the side, Which is then pushed back as many times 
by a spring, h’, working on the §fkl represented in 
fig. 1, plate X. 

The eccentric, r, is a circular plate with two notches, 
comprising, with the intervals, about one-fourth part 
of the circumference. Upon a lever or arm which slides 
Upon it, and is mud* to sink when the notches pass 
(see fig^ Jj); stands the rod i\ which is connected by a, 
bell-criiflf lever, s’, and thus shifts the beam, H', twice 
(kWVh revolution of the wheel, v, or during three 
rev^itiohllof the shaft, X. Upon the other end of 
the maeffine there is a similar plate, having only pwK 
jectio^ of a similar shara and siriLto the notches in 
the plate, s%\ order to bnng the beam, H', back when 
it \i*& bpen moved by the eccentric of the other, end. 

ska spiral arm, whiefi works on o^e or other of 
two sthds at the ends of the two-armed lever,#, shown 
in figLl.pl* IX. and fig. 2,\\. X, in dotted lines only, 
as fidrl^neswould b%ge covered the ather parts. This 
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lever is suspended from the fulcrum, it ' ; and, being 
moved either the one way or the otHfif by the arm, 
is made to press with one of the set screws, r\ agaiftst 
oile pf the rods, d * ; and whilst this is drawing down - 
tile point-bar, L or L', it moves onerof these bar%>vith 
its points out of the hole^of th«ii lace. 

t V*, fig. It pi. X. is a horizontal shnHfc extending 
through the whole length jpf the jnuchinc, and having 
\at each end an arm (represented by dotted lines.) con- 
nected a link yvitli tin* end frame of thedriviug- 
bars, / and7',*fig. % plat^ X., and fig. 1, plate JpT. 

{n the middhyrf the said shall. ir\ there ^ another 
arm. on whoso eiici thgro is a roller working in the 
eccentric slot of the plate, / (xrc tig !?, plate X.), by 
which, therefore, the carriages with theft* bobbins are 
pushed from od| bolt or comb to tin* other, and back 
again, during each revolution of the shaft, X T . * * 
The eccentrics, upon each end of the machine, 
move a bar, ,r', up and down, the under end of which 
is guided by a lever, whose fulcrum is fixed to tj^e* 
frame-work. A, and slides wit|| a friction-roller upon 
t the said eccentric. The top end of each pjj^oso bars 
is toothed, and works in a tpothod segment jjLfuirone 
oml of each of the shafts I and I'; thus g^Ihg^jotiun 
to the locker-lytis, /? and o, which draw flu* ra#Ws..r«- 
through the breads. 

Bobbin-fif/ing , , 

Fof windir g the thread* upon the hobbies of the 
lace-frame up ingenious machine is employed, by 
means of wjiich from I$0 to ^00 bobbins may be 
filled at: once with equal uniformity and dugftlityra. 
The thread is previously woul|l upon a cyumler or 
VOL. II. 




Fi*. 129. Bohbiu-AUiuf Machine. Sid* Viewf 

Scale, about two ittclics to the foot. 

* 

parallel lines ; B is a horizontal shaft, with a pulley, C, 
* made fast to it, which is actuated by a strap from the 



Fig.'* — -Hobiiin-^Png Marluni 1 . (! ro«in4 Fl ;,n - 

Seal*’, Mijout two im-hc* to th<* foot, 


One end of (he shaft or spin/lit*, H, project fCbeyond its 
bearings tojserve as an axle, to receive the bobbins, a a 
a, slid upon it close to each other; the feathered edge 
formerly mentioned extending along the shaft} adapted 
to the notch in the side of the central hole of each 
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bobbin, to prevent the rotation of the bobbins round 
the shaft. 

b and e are two slips of brass-plate, pierced with a 
series of slits corresponding to the number of bobbins 
to be filled, and through which the threads are con- 
ducted from the drum, ^\, to be wound upon the bob- 
bins by their rotation with the shaft, B. The winder, 
a young woman, instantly notices w henever a thread 
happens to break, because the train of them is led, 
above a horizontal table, painted black. That the/ 
bobbins may he filled each time with the same quan- 
tity of thread, equal, upon an average, to 100 yards, 
the machine is so contrived as, to throw itself out of 
goer, and stop, after the desired number of revolutions. 

Upon the shaft of the drum. A, there is a conical 
pulley, f/, from which another conical pulley, r, set the 
reverse way, is driven by a band. Upon the shaft of 
the latter pulley then* is a pinion working in ihe little 
wheel, f\ and thus actuating, by another pinion on its 
shaft, the wheel, g. near the circumference of which 
there is a stud, /, which, after each revolution of the 
wheel. g\ depresses the lever. It. This, on rising, meets 
the catch, /, fixed upon the shaft, 10, and stops that 
shaft ader i^Jhas made a sufficient number of revolu- 
tions to till the bobbins upon the spindle, 1$. Since the 
diameter of the drum. A, progressively diminishes as 
the threads are unwound from *t, whe\^by it gives off 
less thread at each successive revolution, the speed of 
tile little wheel must be proportionally diminished, in 
order to allow the successive sets of bobbing to be filled 
to the same degree as at first. This equation is pro- 
duced by the gradual shifting of the band from tho 
larger extremity of the cone, d, towards the smaller* 
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and of course from the smaller extremity of t towards 
the larger. The hand is guided, Its usual, by a forked 
handle, seen in dotted lines, at ]>, tig. 129. It is attached 
to one end of a bell-crank lever; the other end being 
connected by a rod, ;//. with the lever, n % which is 
pressed by a counter- weight, against the thread upon 
the drum? A, thus rising and shifting the fork of the 
strap, in proportion as the thnvids are unwound from 
the said drum. 

There are several terms peculiar to the lace manu- 
facture. The gauge, or points, menus t he* number of 
gates in one inch of the bolt, or slits in the comb; and 
indicates, of course, the number of bobbins in an inch 
of the double tier. Thus, gauge nine points means 
nine gates in one inch of the machine. 

A rack is a certain length of work counted in the 
diagonal direction in which bobbin-net Lire i> woven: 
it contains 211 ) holes or meshes. This diagonal, like 
that of the parallelogram offerees, in mechanics, results 
from the vertical motion of the warp-threads in tlidir 
constant progress from the Warp-beam below to the 
lace-beam above, combined with the transverse* hori- 
zontal motion, or march and counter-march of the weft- 
thread along with the bobbins. Well-made lace lias 
the meshes elongated a little in the direction of the 
selvage. 

The coinmrfi gauge used is sixteen holes in the inch, 
up and dow n the machine, for ten bobbins tran<\crsely. 
Circular bolt machines, represented in plates IX. and 
X., product* by steam-power, fully 300 racks each per 
week, working I S hours per day, w ith a relay of super- 
intendents. 

It is the back holt-bar only which shogs or traverses ; 
it moves, with its carriages, one step or gate at a time. 
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to the left and back again. The movements are as 
follows : — At the commencement the needle-points are 
supposed to be all in one line, and both tiers of car- 
riages to be in the frbnt comb or bolt. 

1st movement. Front guide-bar shogged to the right 
with the front warp-threads, and the carriages are 
divided between the two combs or bolts; one half 
(about 000 ) in each. 

2. Koth tiers of carriages moved into the back*' 

comb; front guide-bar shogged to the left. * 

3. The carriages again parted equally between the 
two combs; back guide-bar shogged one step to the 
left, with the back warp-threads. 

4. Carriages all moved into the front comb ; back 
guide-bar to the right. 

f). Carriages parted between the combs ; front guide- 
bar to the left. 

0. Carriages all into back comb ; back guide-bar to 
the loll. 

. 7. Carriages parted ; back bar to the right. 

8. Carriages into front comb; front guide-bar to 
the right. 

9. Carriages parted ; front guide-bar to the left, 
and back comb to the left, with its tier of carriages. 

10. Carriages all into the back coml^t; back bolt- 
bar to the right ; guide-bar stationary. 

11. Carriages parted; back comb fogged to the 
left, and back guide-bar also to the left. 

12. Carriages all into- front comb ; back guide-bar 
to the right ; back comb to the right. 

The march and counter march of the bobbins, with 
the simultaneous movements of the warp-threads, may 
be rendered intelligible to every capacity by making 
a row of parallel slits in a couple of playing cards. 
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to represent the gates of the two opposite holts or 
combs, into which a series of buttons may be slid by 
their shanks, to represent the carriages. The two cards 
being laid down flat upon a table, with the two sets of 
slits fronting each other, the following six changes of 
position may be made, in correspondence with those of 
the lace machine : — 

1. Move the back comb, or eiyd, one slit to the left. 

2. Shift all the buttons upon the back card, and 
shove the back card one step to the right. — its primitive 
position. 

3. Part the buttons between the two cards; an odd 
one will now remain uppn the back card, at the left end. 

4. M ovti the bark card one *lit to the left, and then 
bring all the buttons into the front card. 

5. Move the back card one slit to the right, its 
* original position. 

0. Both sets of buttons have advanced one step to 
the right, and there will remain an odd one u]>on the 
right end of the front cards, while one has come from 
the rear to the front at the left end, indicating the com- 
mencement of the counter-march.* 

Many patents have beeu obtained for improvements 
in lace machinery, which have for their object to make 
breadths of Jpee with selvages, — tlmt is, to make such 
divisions in theJjroad sheet of net as shall allow' of its 
being .separate! into distinct strips, or narrow' breadths 
as ribands, with perfect edges. # 

This objor* had been readily effected in Levers, and 
in some otlyr construct ions of iace-making machinery ; 
particularly the circular bolt of Mr. Morley, which 

* See Mr. Morley's excellent observations upon the preceding as* 
count of bobbin-net in note A, at tbe end of thi» volume. 
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was. used for that purpose by hin^ immediately after 
Its Sht invention $ *and it has teen likewise regularly 
/uked ever since by the trade, to whom hp most libe- 
rally left it open, though it waS the greatest practical 
improvement ever made upon the original bobbin-net 
apparatus At first, ^Mr. Morley’s locker bars had 
only one plate or blade, constituting the machine now 
called tile Sivgle-lockrr Circular Bolt. In the year 
1824 he added another plate to each of the lockeij- 
bars, which was a further improvement of importance 
as to the machines for making plain net, 1 hough it was 
an obstruction to the making of breadths upon them. 
This machine is now distinguished from the former 
fcy the title Double-! ocher. Croft's two patents of 
February and December, 1832, are for a method of 
making breadths, upon Mr. Morley’s second improve- 
ment. 

I shall select an outline of Mr. Croft's first, plan, as. 
being probably more intelligible to the general reader. 
His second plan is undoubtedly preferable in practice, 
but is not so well adapted for illustrating the method 
of manufacturing quillings. 

Fig. 131 represents, in partial section, the operative 
parts of a circular bolt machine, with douhle-bluded 
locker- bars ; and in which figure the present, improved 
parts are added, a shows the situation of tin* front 
range of circular bolts or combs ; b she bark range ; 
c and d are the double tier of bobbins and carriages, 
in one of which ranges there must be one bobbin more 
in number than in the other ; e is the fijont driving- 
bar, /'the back driving-bar, which, by vibrating, strike 
against the carriages, c, ami d, and cause them to slide 
to and fro on the circular bolts, a and b. The front 
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locker dwnr, with its two blades* is shown at g, and the 
beck locker-bar at A. These bars have reciprocating 
rotatory movements on their axes, for the purpose of 
causing their blades to strike against the tails of the 
bobbin-carriages, in order to pass them through the 
warp-threads in the middle. 

The evolution and the mechanism for effecting these 
^movements, and also the shogging or lateral move- 
ments of the circular bolts, at*e well understood as 
causing the threads from the bobbins to cross each 
other, and form the tops and bottoms of the meshes, 
and by twisting round the warp-threads proceeding 
from the roller, /, through the guides. /, /, to produce 
the sides of the meshes; the carriages being, by these 
means, made to move in zigzag directions, and to travel 
through the whole series of front, combs or bolts in one 
.-direction, and of the back combs or bolts in the oppo- 
site direction. 



Fig. 131.— -Croft’* Machine tor Bobbin-net Breadth* with Selragc*. 
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If these movements of the entire ranks or tiers of 
bobbins and carriages were uninterrupted, the bobbins 
would each, as they severally arrived by their zigzag 
cougpe at the ends of the ranges of bolts or combs, pass 
Over, and return along the opposite range, forming a 
finish to the meshes, or a perfect selvage at each of the 
outer edges of the broad sheet of net, by twisting the 
bobbin-threads round, the outer warp-threads. If, 
however, one of these bobbins and carriages were re- 
moved from the front range of bolts or combs, so as to 
leave an opening in the series of bobbins, an interrup- 
tion would take place in the formation of the meshes of 
the net at those places where the bobbin was wanting. 
If single bobbins were withdrawn from the range in 
several places, the same interruption would take place 
in the formation of the connecting meshes opposite to 
those blanks, and the broad t^eet of net would be, 
separated at those parts into strips or ribands, tech- 
nically called ** breadths" as the bobbins, on their 
severally arming at the end of the intended breadth, 
would become what are called “ turn-ai>ain bobbins" ; 
that is, they would pass over to the opposite range of 
bolts or combs, and travel in the reverse direetion, 
forming selvages round the warp-threads at those parts 
of the sheet of net, and, consequently, separate it into 
strips. 

As, however, it is necessary that trie several narrow 
strips of lace so produced should Ik* connected together, 
and made to form one brbad sheet, additional bobbins, 
as k\ called “ whipping bobbins" are placed in the 
hack combs or bolts opposite to each of these spaces, 
in order to he occasionally brought into operation, 
merely to carry a single thread round the two sel- 
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rages, for the purpose of whipping or lacing them 
together. 

These whipping-bobbins, k t are required to be held 
back when the range or tier of bobbins, d, are driven 
by the bar >f toward the middle ; to allow of which a 
horizontal plate, seen edgewise at /, affixed to the front 
of the bar,* has saw-gates or openings cut in it oppo* 
^ site to each whipping-carriage ; t $o that when the bar, 
with plate, /, advances to drive the bobbin-car* 
riages, rf, the whipping-bobbins, k % remain stationary 
in the back parts of the combs or bolts ; but when it 
is required to bring these whipping-carriages forward 
also, then the saw-g^tes or openings in the plate, /, 
are covered by u sliding piece, ///, formed as a comb, 
which is attached lo a bar, w, in front of the driving- 
bar, /', and is moved, when required, by what is termed 
sliogging apparatus at the end of the machine. 

> The double-bladed lockers could not be made to 
work the ordinary bobbin*, without bringing forward 
the whipping bobbins. /»’, with them, and entangling 
those* carriages in the warp-threads at the time of shog- 
ging the bolts or combs: neither will a locker, with 
double blade's, allow the turn-again carriage* to remain 
Ixdiiud when it is necessary to perform transfer ; con- 
sequently s\yli machines liave not been found capable 
of producing bi^rad sheets of lace divided into breadths. 
Thi* difficulty is overcome by tile employment of 
forked arms, or levers, p, p, called pickers, which are 
employ'd lb pushing back *t he carriages of the turn- 
again and ^whipping bobbins preparatory to sliogging 
the bolts or combs. 

The series of pickers, //, are fixed upon horizontal 
bars, q % y, which turn upon phots, hanging irf bent 



m 


SOBBIN-'NET lace. 


< levels, r, t, tfio lowfr ^end? or longer arms of these 
levers being acted uB*n ijy»a cam- wheel, or some other 
suitable contrivand#, at, such fas It may be neces- 
sary to raise and t^raw W* the pickers, as shown by 
dotred lines. * 

By thus raising t^d^itker, ^ p, the turn- again, 
and also the whipping-carriages, are driven back in 
the bolts or combs, aftjsr tfye daublq-bladed locker-bars 
have acted upon them; and at the same time that the 
pickers rise up, the sliding plate, m, on the top of tlie 
bar, /, moves laterally, for the purpose of throwing open 
the recesses or saw-gates, into which the whipping- 
bobbin carriages are thereby allowed to retre.it. 

As soon as the outermost blade of the locker has 
passed clear of the teeth ol the carriages, the pickers 
fall from their eVvated position, and allow the turn- 
again carriage to be operated uupn in the usual manner# 
Attached to the back locher-hm*. //. is an evtru blade, 
jr, the object of which is to present itself against the 
tooth of the w hipping-eari iages after the pickets have 
retreated, and therebj prevent it Irom falling, by its 
own gravity, between the warp-threads at the tune of 
■bogging. 
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BOOK IV. 

PRESENT CONDITION AND STATISTIC^- OF THE, CQTtON 

manufacture, 

CHAPTER i: 

Cotton Manu facture of the United Kingdom. 

It is a truth well established at the present day, that 
trade tends to distribute itself in various countries in 
the joint ratio of tinyr natural resources, and the 
industry of their inhabitants, without much regard 
to diplomatic consideration*. Political catastrophes, 
such as civil and foieign wars, are accidents which 
may derange this distribution lor awhile, but when- 
ever they cease to act, The nations begin again to de- 
velop their peculiar faculties, and to convert them 
into substantial elements of prosperity. Groat mis- 
takes have long prevailed concerning the causes of the 
predominance of British manufactures; some having 
ascribed it (as the French prohibitionists still do) to 
our navigation laws, some to our commercial treaties, 
and others ty our vast colonial possession**. These 
causes undoubtedly contributed somewhat to the en- 
couragement oi our nascent industry, but to no very 
great extent; and they are now, nearly inoperative. 
It is to our ' >al, iron, rivers, seaports, canals high- 
ways, capital, aiul the skill employed in agriculture, 
and the arts; or the natural resources of our peaceful 
island, turned to good account — that our large share 
in the trade of the world is to be ascribed. 
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The spirit of the age tends towards commercial 
liberty, wherever ffecal regulations allow it to follow 
its. own course. Even the new German confederacy, 
however impolitic in some respects, may be regarded 
as the first and great measure of enfranchisement by 
removing custom-house trammels from its internal * 
trade. 

England has for several years adopted the liberal 
system ; not for the purpose, as has been said, of a^: ; 
decoy, under which she may invade foreign markets, 
but in obedience to the force of circumstances. Her 
patent monopoly expired with tin* war, in consequence 
of the rival industry of other '.nations. The famous 
treaty of Meduen, which converted Portugal into an 
English colony, exists no more; free intercourse is 
now permitted between that country and every other 
and this diplomatic event, wh^jji would have excited tf 
great sensation in Europe fifty years ago, has passed 
over in our days almost unperceived. as the natural 
and inevitable result of the progress of opinion. 
Cromwell's celebrated Navigation Act has been ren- 
dered nearly non-elVeotive by the assimilation, in many 
eases, of the French, American, and German shipping 
with the British. Even the recent ministerial inquest 
of France, at which the friends of free trade and the 
partisans of prohibition came int<^ close conflict, 
shows not only the stubbornness of tlie tortuous roots 
shot forth under commercial restriction, but the bar- 
renness of the whole protective system, and will un- 
questionably lead to its modification no. distant 
date. 

In the “ Philosophy of Manufactures having de- 
voted Chapter 111. of Book I. to the Topography 
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and Statistics of the factory system, — including the 
four great divisions of the textile nfonufoctures, — the 
cotton , woollen, linen, and silk, I may refer my 
readers to the causes there assigned why one district 
is chiefly occupied with manufactures, and another 
with agriculture; why one selects cotton, another 
wool, and A third linen, as tile main object of its 
industry. 

, The actual amount of the cotton manufactures of 
the United Kingdom has been estimated upon dif- 
ferent principles, and with considerably different re- 
sults. 

From the multiplied pbservations which I have had 
occasion to make in spinning factories, i think the 
produce of each spindle, on an average, of mules, 
throstles, and self-actors, may be fairly taken at 20 
hanks of the average counts of 10\s. or half a pound 
weight of yarn, per weeK of 09 hours. This is 25 per 
cent, under the produce of Mr. Orrell’s, and most of 
the modern mills; and 50 per cent, under that of 
Sharp and Roberts' self-actors. Rut I consider it a 
fair average of weight, taking into account, the smaller 
produce of the finer spinning-mills. 

The quantity of cotton delivered and used last 
V'iar, ending jn May 1836, for home consumption, 

, ty be fairly assumed in round numbers at 330 mil- 
k of pounds, or very nearly one million of bags, 
nk of which exceed 300 pounds ip weight. In fact, 
Messrs. Ceorgu Holt and (Jo., the eminent cotton 
brokers,^ of l^iverpool, in their annual statement, rate 
the average weight of the bags at about 335 pounds. 
In 300 working days, or 50 weeks of six days, 25 
pounds will be spun per spindle. Hence, after de- 
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ducting one-tenth for waste, 300 miili6ns divided by 
25 a 12 millions, \v ill represent the number of spin- 
dles at present at work in the United Kingdom. I 
believe this statement to be not far from the truth. 

If we reckon each stretch of a mule to be 58 
inches, and three stretches of 40's to be made in one 
minute, equal to*14J feet, then 870 feet Will be spun 
per hour; 870 yards, or a hank and 30 yards, in 
three hours ; and nearly four hanks in the day ; which 
amount to about 24 hanks a- week. But in the best 
modem mills, a stretch of from 30’s to 40's weft is 
made in less than 20 seconds. We are, therefor^, 
safe to assume 12 millions ;\,s the actual number of 
spindles in activity ; since in GO’s, and in still higher 
counts, only two stretches are made in a minute, and 
ill counts above 140’s only one stretch. In the finest 
numbers, a minute and a hah^ or even two minutes, 
are employed in completing a stretch. 

Suppose a stretch for 120’s to take one minute, 
then only five hanks would be spun in a week by each 
spindle; or 120 banks, weighing one pound, in 24 
weeks, which is very nearly half a year. At this rate 
no less than 150 millions of spindles would be re- 
quired to spin the 330 millions * of pounds of cotton- 
wool last year delivered out for consumption. I have 
seen I70’s spun at the rate of a stretch per minute; 
but in only one mill at Manchester, conducted by a 
truly scientific spinner. 

Dr. Cleland, in hte elaborate u Statistics of 
6 Wasgoir” enumerates the mule and throstle-spin- 
dles at work in Lanarkshire, in 1831 ; the former 


Allowing in round numbers 10 per cent, of waste. 
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being 591,288, the latter 48,900; which numbers are 
nearly as twelve to one. It is proUible that the same 
proportion may be applicable to the whole spiiming- 
mills of Scotland. But in those of England it will 
not hold, on account of the great demand for throstle- 
yarn for the fustian and velveteen fabrics. 

It ap]x?jtrs from the minute survey made hy Mr. 
Crompton, in 181*2, that from four to live millions of 
spindles were then going upon his mule principle. 
"Mr. Kennedy estimated the number of mule-spindles 
in 1829, at about seven millions*. It is to be regretted 
that the factory inspectors had not been instructed to 
enrich the statistics uf the cotton manufacture with a 
register of the numbers of mule aiul throstle -spindles 
at work in each factory under their superintendence. 
This information would be very valuable to the spin- 
ning trade itself, and would, 1 aui sure, be most 
-readily afforded by if® members. It would exhibit 
the condition of tin? business more accurately than any 
other document, and would be peculiarly instructive 
in reference to the nature of childrens employment. 
At the throstle- frames, young persons under 17 or 18 
are seldom or never (‘in ployed. 

The quantity of cot ton-wool delivered for the home 
consumption pf Great Britain, in 1829, was 745,200 
bags ss 223,560,000 lbs., which is to that in 1835, in 
the ratio of 7 millions of spindles to 10 millions and 
300,000. In 1829 the average weight of a bag ii 
stated by Messrs. Holt at only 280 lbs#; so tlmt the 
economy of package has increased since that, time in 
the proportion of 335 to 280, or 12 parts upon 100. 


.+ Afamoir of Sanuurl Crompton, 7* 
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If we assume the number of mule-spindles to be to 
that of throstle-spindles as 8 to 1 , we shall have 10 J 
millions of mule-spindles, and l £ millions of throstle- 
spindles, as the total spinning power of the United 
Kingdom at the present time, March 1836. 

The following estin^ite for 1817 was published by 
Mr. Kennedy, in the third volume of the “ Memoirs 
of the Manchester Society.” 

Quantity of raw cotton consumed or 
converted into yarn, in Great Britain Pounds, 
and Ireland, was .... 1 1 0,000,000* 
Loss in spinning estimated l .$ oz. 
per lb. . . . . 10,312,500 

Quantity of yarn produced . . 00,087,500 

Number of hanks (supposing the 
average to be *!0’s to the pound) . 3,087,500,000 

N umber of spindles employed ( each 
spindle being supposed to produce two 
hanks per day, and 300 working days 
in the year) ..... 6,6 15,833 

N umber of persons employed in spin- 
ning (supposing each to produce 120 
hanks per day) .... 110,763 

Number of horses' power employed 
(supposing 4J oz. of coal to produce 1 
hank of No. 10, and 180 lbs. of coal 
per day equal to one horse's power) . 20,768 

* By the official returns of the Custom-house, 124,912,968 ib«, 
were imported; 8,1 5M 12 lbs. exported; and ll(f757,52f> lbs. re- 
tained for consumption. This year was one of great manufacturing 
depression. The muslin weavers were in a state little short of starrft- 
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Were we to adapt Mr. Keimedy s proportions to 
the present increased consumption* of cotton wool, 
which is about three times the quantity then as- 
signed by him, we should be led to estimate the spin- 
dles at 1 9,937,499, and the cotton-spinning operatives 
at 332/289, — a number far abo\^ the t mill. But if we 
admit that yW/;/ three hanks of 40s are now spun 
per diem, instead of two, as in 1829, which, from the 
facts above adduced, wo are well warranted to do, thou 
the number of spindles will bo reduced from Mr. 
Kennedy’s estimate to about 12 millions, as directly 
deduced in my first statement. His number of spin- 
ning opera ti\ cs would need to be reduced in a greater 
projMUtion than one-third. The returns of the factory 
inspectors last year gave the number of operatives, of 
all descriptions, engaged in cotton mills, as 229,382, to 
which, if we add 20,01 8, as the increase since, we shall 
raise their present number to 27>0.000. But of these 
undoubtedly GO .000, at least, are engaged in tending 
the power- looms and dressing-machines subservient to 
them; so that the number of operatives engaged in 
spinning, and in the processes preparatory to it, 
cannot exceed 190,000; and is more probably, about 
180,000. 

The cotton-rpill operatives in Scotland form one- 
seventh of the whple number thus employed in the 
United Kingdom. But as much of the yarn spun in 
Scotland is for the muslin weavers, its average fine- 
ness is so fa. above 40*s, as* to have induced an 
eminent statistical writer * to regard 50*s as the pro- 

♦ John \V. Cowell, K«q., iu Supplementary Report of the Factory 
Communion, p. 119c. 
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bable mean grist of cotton-yams spun in the United 
Kingdom. 

There is a remarkable document, entitled “ List I. 
in the Tables extracted from the Returns to the Lan- 
cashire Forms of Inquiry, by Mr. S. Stanway, com- 
prehending 151 Mil)*, from which complete Returns 
were made,” according to the tabular fcfrms issued at 
Manchester on the, 17th and 20th of May, and 20th 
of June, 18313, under the direction of the Factory 
Commissioners. This very instructive table is re- 
printed in the Appendix to the first volume of this 
work, page 331. 

The sum of average county in the first 


page of the original folio table is . 

. 1.697,89 

„ Second . 

. 1 ,670.71 

Third . 

. , 1,824,00 

„ Fourth . 

. 1,663,15 

Fifth . 

597,68 


7,453.43. 


Now if this number be divided by 149, which is the 
number of mills corresponding to the said sum of 
average counts, the quotient will be 500, showing 
that *50's are the true mean counts of English mills. 
Only 38 of these 149 mills arc in Manchester, and 
many of these 38 spin low counts ; so that if we 
take into account the finer yarns of the Scotch mills, 
I think there can be little doubt that the average 
counts of the British yams is nearer 50*s. than 40’s. 
Were we to take 50's for the average, and wcTe we to 
suppose 20 hanks to be spun by each spindle in a 
Week of 69 hours, (which is, however, much above its 
productive power,) then in 50 weeks, or an average 
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t Working year, only 20 pounds would be spun by each 
Ipindle. But if we divide 300 millidns of pound* by 
20, the quotient, 15 millions, would in this case repre- 
sent the number of spindles requisite to work up tho 
quantity of cotton consumed lust year in the factories 
of the United Kingdom. I coqpeive, therefore, that 
there is no •exaggeration in estimating our actual 
number of spindles at 12 millions.. 

If we reckon the average weight of a piece (36 
yards long) of power-loom cloth, for printing, to bo 
6$ lbs., and pieces to be woven upon each loom per 
week, then 1,000 looms will require 35.750 lbs. of 
yarn, which is very nearly the product of the 45, SCO 
spindles at work in Mr. Onvli’s factory, lienee from 
45 to 50 spindles, spinning from 3(Vs to 3S's, are 
equivalent to supply one power-loom with yarn. 
1,100 power-looms, with all their subsidiary spinning 
and dressing-machinery, require (from the data of 
that mill) a power of 250 horses to drive them. Al- 
lowing two horses’ power for 30 looms, and one horse's 
power for their dressing-machine, 110 horses' power 
will be absorbed by 1,100 calico looms; and the re- 
maining power of 140 horses will be expended upon 
the spinning and reeling apparatus of the factory. 
If there he 1KJ, 000 power-looms at present in acti- 
vity in the United Kingdom, as is most probable, 
they will require fifty times their number of spindles, 
or 5,500,000, to supply them with yam; and both 
together will require the power of 25,000 horses to 
impel them. Tile remaining 6,500,000 spindles are 
employed in ’spinning yarns for the hand-weavers, 
frame-work knitters, bobbin-net lace manufacturers, of 
this kingdom, and for exportation. Of these spindles 
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seven-eighths may be accounted mule, and one-eighth^ 
throstle. 500 hhnd-mule spindles require (including 
preparation) the power of one hofse ; and 150 throstle 
ones require also* one horse, upon an average of the 
common and the Danforth construction. Hence 
5,087/>00 mule-spindles will require the power of 
11,375 horses; and 812,500 throstle-spindles the 
power of 5,417 horses. Tims the total power at work 
in the spinning and weaving departments of the 
cotton manufacture would seem to he equal to that 
of 41,702 horses, upon the steam estimate of Mr. 
Watt ; or more probably, on account of the great 
friction of the older spinning /nachincs, 45,000. 

A year ago, when the cotton manufacture was not 
so extensive as it is at present by about one-tenth, 
the number of operatives employed in factories 
was, by the parliamentary returns, 229,382 ; it must 
now amount to nearly 250,000, or to about 11 indi- 
viduals for the power of two horses. This proportion 
will, of course, be different in different mills : in some 
fine spinning mills there may be 10 or more indi- 
viduals to a horse's power ; and in coarse spinning 
and weaving mills, perhaps only four. 

Mr. Hum, in his much esteemed “ Commercial 
Glance of the ( otlon Trade,' estimates the average 
consumption of cotton wool in Great Britain, during 
the year 1K35, at 1 7,7 50 bags weekly, and for the 
last week in December, 18,000 bags; which, at the 
rate of 342 lbs. per* bag, would be 0,105,000 lbs. 
* Allowing 1 1 oz. per lb. for loss by waste in spin- 
ning, the yarn produced would t>e 5,49?), 703 lbs. To 
spin this yam, supposing each spindle to produce on 
the average 8J ox* pei week, there would be required 
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11,152,000 spindles. Hence it would appear, from 
the usual mode of calculating the capital required for 
cotton spinning, viz., for building, power, and ma- 
chinery, at 17^. O^per spindle, — Hie capital sunk in 
this branch of the cotton manufacture in Great Britain 
amounts to £9,758,864.” 

From the progressive increase since the end of the 
year 1835, up to the present time, March 1836, wc 
may estimate the value of the sunk capital at con- 
siderably upwards of ten millions sterling. When a 
power-loom factory is combined with a spinning-mill, 
so as to weave up the yarn produced, the sunk capital 
becomes more than doubled. Thus in Mr. Orrell’s 
mill, which may be regarded as a good model 
establishment of this kind, if its 45,860 spindles, at 
17 a\ 6 d. each, he reckoned at £40,000, then other 
£44,000, at least, must be allowed for 1,100 power- 
looms, and their subsidiary dressing-machines, Sec. 

Hence 110,000 power- looms, with their appro- 
priate spinning machinery, at the rate of £81 per 
loom, may be estimated at £9,240,000. The re- 
maining 6,500,000 spindles (to make up the total 12 
millions) represent a capital of £5,687,500. These 
two sums added together will give a total fixed capital 
of £14,927,5y0, or 15 millions sterling, engaged in 
the cotton factories of Great Britain, exclusive of those 
occupied with the bobbin- net lacc manufacture. 
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CHAPTER II. 


Statistics of the Bobbin-Net Trade . 

Fern the* following elaborate and instructive statistics 
of the bobbin-net trade, my readers are indebted to 
Mr. William Felkin, of Nottingham 

August, 1833. 

Capital employed in Spinning and Doubling the Yarn, 

Fixed capital in 35 spinning and 24 doubling 
fuctories— *724,000 spinning, 290,700 doubling 
spindles . . . . . 1 • .£715,000 

Floating capital in spinners and doublers* stock, 

and necessary sundries .... 200,000 

015,000 

Deduct 1 -6th, employed for foreign bobbin-net trade 155,000 
Total capital employed in spinning and doubling 

for English bobbin-net trade . . £760,000 

Capital employed in Bobbin-net Making . 

Fixed capital in 25 factories, principally for power 

machines ...... 85,000 

Fixed capital in 1,100 power machines, averaging 

1 1 quarters wide ..... 170,000 

Fixed capital in 3,900 baud machines, averaging 

9 quarters wide 207,000 

Floating capital in stuck on band, power 

owners .... £150,000 

Floating capital in stock on hand, hand 
owners . . . . . 250,000 

400,000 

922,000 

Capital in embroidering, preparing, and stock . * . 250,000 

Total capital employed in the trade . . .£1,932,000 
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The following Number of Hands are employee. 

In spinning — adults, 4.800 ; children, 5,500 * • 10,300 
In doubling — adults, 1,300 ; children, 2,000 • 3,300 

13,600 

Deduct 1-Gth employed for foreign demand • * 2,300 

11,300 

In power net making— adults, 1,50^; youths, 1,000 j, 

children, 5J)0 ; women and girls in mending, 2,000 • 5,000 

In hand*machme working— small machine owners, 1,000 ; 
journeymen and apprentices, 4,000 j winders, 4,000; 
menders, 4.000 • . . . * • . . 13,000 

Mending, pearling, drawing, finishing, &c, . • « 30,000 

In embroidering, at present very uncertain, probably about 100,000 


Total of hands employed ..... 159,300 


Value of the Raw Material when imported , and of the 
Goods manufactured therefrom. 

Amount of Sea Inland cotton annually used, 2,387,000 lbs,, 
value before the late advance, £ 1 79,000, but now worth 
.£‘224,000. This is manufactured into yarn, weighing 

1.532.000 lbs., value £766,000. But of this quantity 

262.000 lbs. are sent abroad, leaving 1,270,000 lbs., value 
before the advance £635,000, and since the advance worth 
£680,000. This yarn (iuclushe of about £10,000 worth 
of thrown silk) is worked up into 



5.045.000 yards of hand lever quilling net, ave- 

raging (fine 11-poiut, at Jj. 3d. per 
square yard) . . . • 

2.207.000 yards of hand circular quilling net, ave- 

raging (fine 11 -point, at 1«. 3d. per 
square yurd) .... 
0,022,000 yo$d of hand circular plain net, ave- 
raging (fine 12-point, at 1*. (id. per 
square yard) . . . • 

4.580.000 yards of hand rotatory plain net, ave- 
, raging (common 1 1-pohit, at 1*. per 

square yard ) . • 

10,905,000 yards of power plain net, averaging 
f (common 11 -point, at 1#. per sq. yd.) 
50 2, (*00 yards of fancy net, at 2#. (id. • • 

250,000 yards of silk net, at 1#. (id. 

Annual produce of English bobbin* 


30,771,000 \ 


net, of the present value of 


bbin- 


£352,815 

137,935 

496,050 

229,000 

545,250 

70,260 

18,750 

£ 1,850,660 


•wm. inr 
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years ago thereVas much fine yam on hand, and. 
many mills were then standing, or only worked three or 
four days a-week : all these and many others are in fell 
occupation, their production being regularly absorbed by the 
actual demand ; for there are now no stocks of fine yarns 
here or on the Continent ; and while an advance has taken 
place in coarse yarns, eqifal to the rise in the price of cotton 
wool, none, has taken place in fine yams in this market. 
This state of things is not likely to continue very long ; 
the machine owners may therefore expect an adipnce in 
fine yarns ; and in that case, as it is certain that there are 
no stocks of plain nets on hand, it is not improbable that 
an advance may be obtained oil that branch of our pro- 
duction. Either the prices of quillings must be raised, or 
the majority of the machines making them must stand still. 
Under any advance of cotton yarn. 

By comparing this calculation with that of 1831, when 
23,400,000 square yards, the then annual produce, were 
worth £1,891,875, it will be seen, that while there is a 
difference in favour of the machine owners and workmen, 
in the smaller proportion of quillings to plain nets now 
mode, and in the advantageous use of much new and 
improved machinery, yet, on the other hand, they are pro- 
ducing 7,000,000 of square yards per annum more than at 
that time, for about the same amount of wages and profits; 
the number of cotton now used being on the average as 
fine, mul its price as high, as at the period when that calcu- 
lation was made. The average fall in tfce price of bobbin- 
net has been 20 per cent. 

It is probable that about £550,000, or little more than 
one-third of what was paid in 1831, may have been paid 
for English embroidery during the last twelve months. 
Since our statement in 1831, the embroidery p it on bobbin- 
net, both at home and Abroad, has been of a much less 
expensive quality than heretofore, as well as at greatly re- 
duced wages, which will account for part of the great dimi- 
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notion here stated, and decreased demand explains th*T rest. 
Foreign embroidery on bobbin-net is* annually on the in* 
crease, and likely to continue so. 

Of late, three- fourths of our production has been ex- 
ported, and chiefly in the plain state. The American trade, 
which has much increased, is supplied entirely in the white. 
Quillings are sent to the north of Europe in the white, as 
are also the principal part of the wide nets sent to those 
markets. A large quantity of widt; net is sent into Bel- 
gium qpd into France, in the unbleached state. We have 
almost entirely ceased to export quillings into France, as 
they make an immense quantity themselves. Recently, 
increased impediments have been thrown in the way of the 
introduction of bobbin-nej into France, as also of the Eng- 
lish yarns — the hitter to satisfy the French spinners, the 
former the makers of nets. The demand for quillings 
from Germany has also materially declined, and many 
houses are giving up dealing in the article. The extensive 
frauds which have been practised in putting quillings up in 
this market for foreign trade, both as to the lengths often 
being short and of inferior quality in the inside of the 
cards, combined with the excessive fluctuations in price* 
have disgusted and impoverished foreign buyers, and it is 
very probable may have tended to produce the present diffi- 
culty in sales. 

English Bohhin-nct Machincrxj . 

Hand levers — 5 yid 6-quarter. 500; 7 -quarter, 200 ; 

8-quarter, 300; JO-quarter, 300; 12-quarter, 50; 

16-quarter, 30 ; 20-quarter, 20 .... 1,400 

Hand rotatory — 1 0- quarter, 100 j 1 2-quarter, 300 . 400 

Hand circular — 5 ami 6-quarter, 100 ; 7-quarter, 300 ; 

8-quarter, ,^00 ; 0- quarter, 100 ; 10-quarter, 300 ; 

12-quarter, . io . . . * . . 1,350 

Hand traverse, pusher, and straight bolt, averaging 

5-quarter 750 

Total hand machines . . 3,900 

Power, 5, 6, and 7-quarter, 90; 8-quarter, 350; 10- 
quarter, 280; 12-quarter, 350 ; 16-quarter, 30 « • 1,100 

• . . 5,000 

r 2 


Total number of machines 
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Tne wages paid in fine spinning are —'for adults, from &*, 
to 40*., and perhaps “on ay average 1 7 s. per week ; , children 
from 2s. 6 d. to 7s., averaging about 5 s. In doublings 
adults from S*. to 30*., averaging about 12*.; children, 
from 2$. 6 d. to 7*., averaging about 4*. 6d. 

In bobbin-net making, men, 16*. ; apprentices, 10*. ; 
boys, 5*. In mending, Winding, threading, &c., children, 
4*.; women, 8*. In embroidering, children* 1*. to 2*.; 
women, 3*. to 5*. per -week, working twelve to fourteen 
hours. During the lust two years an extraordinary depres- 
sioti lias taken place in the demand, and wages paid, for 
embroidery, chiefly arising from competition with Belgic 
and Saxon embroidered goods. Wages are lower in those 
countries than they have been here, though our good hands 
were reduced to 2s. (id. or 3*. a-week, for women’s wages. 
Many have left the business in despair, and a considerable 
reaction has taken place, so that hands are now scarce at 
the rate above quoted. It is very difficult to ascertain with 
any exactitude the number at present employed. The 
health of lace embroiderers is frequently impaired, owing 
to their always sitting and leaning forwards over a frame 
when at work. Any predisposition to pulmonary disease 
or indigestion is brought into activity, and slight distortion 
of the body is common amongst them. Females are 
employed from a very early age, and the hours of working 
are much too long. The pernicious effects of this seden- 
tary labour must inevitably be felt in future years; .how- 
ever, being domestic and voluntary employ, it would seem 
impossible to interfere. 

It was observed iii my former paper,* that wages wejre 
reduced in 1 830 and 1631, .say 25 per cent, or from 24*. to 
18*. a-week ; and that machines had increased in the same 
time l-8th in number, or from 4,000 to 4,500tand l-6thin 
Capacity of production. It was also then stated to be 
^deserving the serious notice of all proprietors of existing 

* First Keport of Factory Commissions, C, 1, page 186. 
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machines, that new ones were introducing into the trade, 
of such power of production as must %till more than ever 
depreciate the value of their property, have a direct tendency 
to sink the small owners into journeymen, and either greatly 
increase the labour or depreciate the wages of the workmen. 
The machines that have since been built, if worked by 
three men, # in six hour shifts, oi* eighteen hours per day, 
would each turn off 20,000 square yards of good net per 
annum. The result then predicted has actually occurred ; 
the wages per rack have been much lowered, although the 
weekly earnings are about the same now as in 1831. The 
inferior machines are single-handed, uud the journeymen 
are working either wider or speedier machines than hereto- 
fore, so as to produce py>bably a fourth more net for the 
same wages. The verification of the then anticipated fall 
in the saleable value of narrow hand macliiiies, is given 
by Mr. Felkin, but omitted here. It is proper to remark, 
that the system of bleaching by the piece still continues to 
exert a very prejudicial influence over the value of all 
machinery engaged in this trade. 

This reference to the difficulties and depression of the 
small machine owners and journeymen, arising from home 
and foreign competition, naturally presents a favourable 
opportunity for again urging upon these classes the im- 
portance of regular weekly savings, while they have suffi- 
cient left in the price of their nets, or of their Hbour, to 
admit of putting something by that may form a fund for 
their future supply in the hour of need. Moderate labour 
and independence, they themselves will allow, are infinitely 
preferable to excessive exertion and poverty, and are cheaply 
purchased by present economy and foresight. In the ab- 
sence of thesi principles in extensive operation, no class of 
persons is mare open to further depression, or has greater 
reason to dread it. The wear and tear, both of body and 
mind, produced by excessive labour in bobbin-net machines. 
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will be found far greater than it is in a stocking-frame, or 
than is generally imagined. It is a fact, that diseases of 
the chest are even now much more prevalent than for- 
nierly amongst hand-machine workmen. The richest, most 
powerful, and most natural fund on which the workman or 
machine owner can draw, and which will enable him suc- 
cessfully to avert these evils, is that which he creates him- 
self by his own savings ; and enables him to command the 
price of his goods or hte labour, not controlled by his ne- 
cessities, but influenced by a prudent regard to his own 
welfare and that of his family. 


Foreign Bobbin-net Machinery. 

600 8-quarter 1 1 -point hand circular, quillings : 100 of 
these built this yqar and last. 

60 7-quartcr 11 -point hand levers. 

45 various widths, old machines, pusher, traverse, &c« 
30 hand circular, chiefly 8 -quarter, quillings. 

, 30 hand machines, plain nets. 

, 145 part power, part hand machines, plain net. 

. $20 chiefly 8-quarter, 10-quarter, 12-quarter, power, 
plain net. 

, 35 power 1‘2-quarter. 

90 chiefly baud plain nets. 

60 8-quarter, 10-quarter, 12-quarter power, plain nets 
chiefly. 

Caen . . 35 hand quilling chiefly. 

Paris . . 10 hand machines chiefly. 

Lyons . . 50 haml machines chiefly. 

„ . . 340 scattered through the villages in the north of 

Fruuce, chiefly hand machines. 


Calais , 


Boulogne 
St. Outers 
Douay . 
Lille . 

Ghent . , 

St. Quentin 


“Switserland 50 
Saxony . 70 

Austria . 60 

Russia and) 
Prussia . 1 


nearly all hand machines. 

ditto ditto 
power and hand machines, 
(probably, and both hand 
1 and power. 


**rh«e five states, if we 
may judge from their 
efforts to obtain model 
machines, are preparing 
to make our article very 
extensively. 


Total 1,850 machines. 

In 1823 there were not 35 machines in Calais, and not 
100 upon the Continent altogether. 3d. a-rack covers 
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labour and expenses in working 8-quarter 11-point quilling 
machines, at Calais; and 2d a-rack covers all expenses in 
making 12-quarter power net, excepting the cost of the 
moving power. Forgers are paid on the average by 
machine builders 24$. a-week; filers, 16$. ; setters-up, £16 
for getting an 8-quarter 1 1 -point quilling machine to work. 
These machines are producing about as follows :-r 


220 5, 6, and 7-quarter, old ma- yd*, 
chines, of various kinds, * 
mostly plain, about 11- 
points , • . 330,000 

100 6-quarter levers, averaging 

1 1 -point*, plain . . 200.000 

120 7-quarter levers, averaging 

1 1 -points, plain t . 350,000 

100 8-quarter levers, averaging 

11 -points, half plain . 200,000 

100 8-quarter levers, averaging 

1 1 -points, half quillings . 200,000 

1 ,020 8-quarter circular, 1 1 points, 

almost all quilling* . 6,1 2 4,000 
290 averaging 10-quarter power, 

1 1 -points, nearly all plain 2,420,000 


at 

£. 

U. Od. 

16,500 

It. <w. 

10,000 

It. Oft. 

17,500 

It. 0(L 

10,000 

It. 3 d. 

12,500 

It. W. 

382,750 

It. Od. 

121,000 


],9.>0 { 


machines, making at 

sent ... 1 ( English pric* ) 


These machines probably use per annum, 130,000 lbs. 
of French spun yarn. No. 140 to 170 principally; and 
265,000 lbs. f>f English spun yarn, of which a small quan- 
tity is of other mfml)ers, both above and below 180, but the 
great bulk is of that number. The value of the English 
yarn is about £140,000, or delivered in France, about 
£170,000. w 

Bobbin-net is often bleached and dressed, in France, by 
the same pefsoit, who makes one charge for both operations; 
say 25 centimes the aune> equal to about l£d the English 
yard, for all widths. 
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In an able address presented to the French Chamber of 
Deputies, in March, tjhis year, and drawn up by a gentleman 
who has been engaged during the last 35 years in the 
french lace trade, and who is also now a bobbin-net machine 
owner, it was stated, in advocating the necessity fora grant 
of free |ii(ry of our fine yarns, at a 20 per cent, duty, and of 
course a stricter prohibition of English bobbin-nets, that the 
price of their first machines had fallen from £600 each to 
£120, and, in many instances, to the price of old iron ; but 
dfat there were then 1,500 good bobbin-net machines at, 
work in France; and that bobbin-net of the value of 
£1,000,000 is annually used in France, of which £500,000 
is of English, and £500,000 is of French manufacture. 

The total result of the operations of the whole of the bobbin^ 
net trade, during this year, may be stated as follows : — 6,850 
machines use 3,000,000 lbs. of raw cotton, value £225,000, 
which, oiler it has been spun aud doubled into 1,665,000 lbs. 
of yam, is worth £833,000. This material is worked up 
into 40,595,600 square yards of bobbin-net, worth, in the 
markets where it is produced, £2,565,000 in its plain state. 
It is probable that nearly 1-Cth of all the plain nets made 
are embroidered at home, and that rather more than that 
quautity in embroidered abroad, enhancing the market value 
by £1,300,000, and making the total value £3,865,000. 

The author 1ms been induced to bestow the requisite time 
and labour upon the compilation of the remaining part of 
this statement, from the conviction, that the ‘more light is 
thrown upon this, as well as every other branch of business, 
the more cautiously and safely will capital be introduced into 
it, and the less risk will there be of those excessive fiu^tua? 
tions which we have often experienced in the value of 
machinery ; and in the proportion between demand and 
supply, as well as, in the end, of the working classes suf-j 
faring by unnecessary depression in their wages. Nothing 
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has more tended to overload this trade with machinery, 
depress wages, and destroy promts add capital, than the 
extraordinary elevations and depressions in prices of bobbin* 
net, and which may generally be traced to ignorance on the 
part of both buyer and seller as to how high or how low 
sales may be forced in this market. The experience of no 
former period has exhibited this feature in our trade more 
clearly than that of the past year. 

During this interval we have had a rise in many articles^ 
of 25 per cent, without any extraordinary demand, and a 
fall of 30 per cent, on the average of the whole production, 
without any superabundant supply. Machines are far less 
valuable than ever before ; a more than m-ual amount of new 
ones have been construct^!, and are now in process of con- 
struction; and the prices of bobbin -net have been lower 
than at any previous epoch of the trade. 

Mr. Felkin has published a table, which gives as accu- 
rate an account of the public sales of machinery, during 
the last nine years, as his sources of information would 
allow; and as he has bestowed some pains to render it 
tolerably complete, it will probably be 1‘ound sufficiently 
accurate to justify, when combined with the account he has 
obtained of the prices for which the majority of the machines 
were sold, the rate of depreciation stated to have recently 
occurred in the value of the great bulk of machinery now in 
the trade. In reference to this and all other similar calcula- 
tions, any provision to absolute accuracy is of course dis- 
claimed; the correctness of general deductions, in these 
cases, depends upon the bearing of the sum total of the facts 
adduced, and not upon any minute particulars. 

A list of hosiery and other frames, sold during the same 
period, i$ also given by him, as likely to prove interesting 
on grounds independent of the principal inquiry. 

In the year 1824, and the spring of 1825, speculation in 
machinery prevailed to such an extent, that levers sold fur 
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£90» circular for £80, and posher and traverse warps for 
£50 to £70 per qdhrter of machine in width. But in the 
subsequent depression, daring the first sis months of 18&6, 
levers fell to £18 to £20 a-quarter ; circulars, to £15 to 
£18; and pushers and traverse warps, to £10 to £15. From 
January to March the working hours were restricted to' 
12, 10, and 8 per day/ Bobbin-net improved in price in 
1827, and again fell in 1828 ; in November of which year 
a restriction commenced, which continued for 12 months, 
limiting the time of work to about 12 hours a-day. In the 
latter end of 1828, levers machines sold for £12, circulars 
for £15, traverse warps for £.8 to £4, and pushers for £6 
-each per quarter. In 1828-9, 535 machines appear to have 
been publicly offered for sale; jn 1830-1, 206 only were 
offered. In 1828, many machines were built, but few in 
1829, aud more in 1 830, chiefly 8-quarter and rotary. In 
1831 many 10-quarter hand rotaries were built. The prices 
of bobbin- net rallied in 1829, and continued tolerably steady 
through 1830 and part of 1831. Towards the end of 1831 
they fell materially. In the spring of 1832 some articles 
attained an unnatural height as compared with others, and 
in the autumn prices began to give way generally. They 
seem to have reached their lowest point for the present 
about Christmas, 1832, having then been sold, in many 
cases, under prime cost ; for the rise which lias taken place 
in cotton yarn, (in itself a singular circumstance, while many 
machines are making less work,) to be accounted for in 
good part by increased foreign demand, has been more than 
equivalent to the reduction to which the workmen have unhap- 
pily been compelled to submit. Levers machines will now 
only bring, when offered for sale, about £4 to £6 a-quarter 
in 6-quarter to 8 -quarter, and circulars are nearly the like 
value. Eight circular machines, averaging* 8-quarter 11- 
point, and which cost the parties, in 1825, £5,000, were 
sold lately for £300. Pushers, which were sold temporarily 
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rln 1829 for £20 to £25 a-quarter, will not now realize nuns 
^ than £3 to £4 a-quarter ; and traverse warps are sold for 
£2 or £8 a machine. Rotary machines, when brought 
into the market, sell for £12 to £15 a-quarter, 8-quarter to 
12-quarter wide. Setting the private sales, which are con* 
tinual, and often considerable, against such part of (he 
above ampunt of 1 ,843 machirfes publicly offered, as may 
have consisted of re-sold machines, and which would far 
more than make up the difference? it would result that, since 
the panic of 1825-6, one-third of all the machinery in the 
trade has passed out of the hands of the original owners. 
In the year 1832 there appear to have been only 218 ma- 
chines brought into the market; but many more have ex- 
changed owners through being mortgaged and taken 
possession of by creditors ; and still more would have been 
offered of the inferior kinds, but from a conviction of the 
impossibility of realizing anything approaching to their 
supposed intrinsic value. Many such machines are 
single handed, or not worked at all. Where worked, the 
produce is selling at so low a rate, as to leave scarcely any 
thing beyond the price of the cotton. 

It has been stated that the depreciation has been mainly 
upon the hand machines, up to nine quarter in width. It 
was calculated, two years ago, that there were 3,500 hand 
machines of all widths in the trade; the then current 
market value (not cost or maker’s actual price) was about 
£390,000. •The extreme present market value of them 
would be probattly nearly as follows viz. : — 


1,350 levers £71,500 

100 rotary . • . • £16,.J00^ 


1,300 circulars .... £86,500 
750 pusher»,^traversc warps, £10,500 


Total £ 1 85,000 ; leaving a dif- 
ference, compared with their 
value in September 1831, of 
£205,000, or more than one 
. half. 


And this loss must fall, if no re-action take place, upon the 
present holders of these machines. The improbability of 
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aay. mb permanent, improvement in the -demand orv 
bobbin-net, compared with the supply, as would materially 
raise the selling-price of , these machines, or their working 
value, will appear from the fact, that during the last two L 
years there have been built in this country, for home em- 
ployment, about 300, 10 and 12-quarter hand rotary; 100 
power, 12-quarter chiefly*; 50, 12-quarter hand circulars; 
and 50 levers, 12 to 20-quarters ; making an increase, since 
1831, of 500 machines, .averaging 12 quarters in width, of 
great speed and excellent construction. The outlay of 
English capital, in new bobbin-net machinery, in 1832 and 
1833, has been at least £100,000. During the same time, 
it is probable that 200 new machines have been got to work 
abroad which cost £40,000. If my information be correct, 
not only many machines are building for the Euglish 
trade, but capital is flowing even more rapidly into the 
foreign manufacture. The very extensive export of models, 
working drawings, and e\ery part composing the insides of 
machines, — such as bolts, bobbins, carriages, points, &c., — 
is strongly corroborative of this important fact. 

W. Felkin. 

Nottingham . 


Bobbin-net Frames in 1835. 


Nottingham • • . .'>82 

Rest of county . . .1,538 

Leicestershire «... 
Derbyshire .... 
Wan* field and Chesterfield • 

West of England and Isle of Wight 


2,120 

385 

282 

132 

793 


3,712 

At stand . . 165 

At work . . 3,547; Hands employed, 5,868; 

Power Factories, 29 or 30 ; Haud Factories, probably 40. 
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Good* produced, and Value and Number of each kind of 

, . Machine, 


By Rotary Frames . 
Lever v 
Circular , f • 
Pusher (Grecian) 
Traverse Warp . 


Square Yard*. £• 

. 15,827 ,848 • . 662,255 

, 8,327,240 . . 476,959 

. 2,627,137 . . 141,864 

811,650 . . 41,574 

325,188 •. . 54,198 


27,919,063 £1,376,850 


Machine* 

• 1,585, 
. 1,225 
420 
. 165 

. 152 


3,547 


Machines employed in making Plain Net . . 1 ,425 
* Quilling* . . 1,122 

„ „ Fancy. . . . 998 



4-Quarter 

5 tt 

6 „ 

7 „ 

8 » 

9 ,* 

10 ,. 


Width of Net produced by Machines. 


Q a 

8 

] 1- Quarter . 

172 

• • • 

51 

12 . . 

816 

« • • 

366 

13 „ . . . 

29 

• • • 

262 

14 „ 

9 

• • • 

1,084 

15 „ 

3 

# • • 

168 

16 ... 

31 

* o 

546 

20 „ 

2 


2,485 


1,062 




2,48) 




3,547 

271 ,000 lbs. yarn, No. 130 to 170, inclusive. 


350,000 

» »» 

180 


250,000 

tt tt 

190 


2lfo,0JO 

>t » 

200 


60,000 

tt a 

210 


9,000 

it tt 

220 



1,160,000 Net value, £604,616. 

640.000 used in Nottinghamshire, 

^00 ,000 „ Leicestershire, 

100.000 „ Derbyshire, 

320.000 „ West of England. 

1,160,000 
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The last tabular statement was recently drawn up 
by Mr. Felkin, with his usual zeal, at the request of 
the Board of Trade, and through the favour of Mr. 
Porter it is here laid before my readers. 


We 'shall conclude these general statistics of our 
cotton manufactures with a sketch of the topography 
of its various fabrics. 

Tin* chief seats of our muslin manufacture are 
Paisley, Glasgow, and Bolton ; each place producing 
an article in some respects peculiar. The variety 
called jaconets, both coarse and fine, but always stout, 
as well as checked and striped muslins, and other 
articles of the heavier sort, are made in Bolton and its 
neighbourhood. Book muslins, as also those called 
mull ami line, of lighter fabric than the Lancashire, 
are made at Glasgow. Paisley is celebrated for its 
sewed and tamboured muslins, which give domestic 
employment to grout numbers of young women in the 
West of Scotland. Mechanical tambouring was at- 
tempted nearly thirty-years ago at Glasgow, by means of 
a most ingenious machine invented by Mr. Johh Dun- 
can, but it has never been found so profitable as to be 
pushed to any considerable extent, owing to the abun- 
dance and dexterity of the hand tamhourers. 

Figured muslins, called fancy goods, were first 
woven in the loom at Paisley, which having been pre- 
viously the chief seat of the silk gauze manufacture, 
had trained a race of most ingenious artisans, distin- 
guished for a spirit of study and research V*hich would 
have done honour to men in the most exalted stations. 
They immediately transferred to cottons the elegant 
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patterns which they had been accustomed to give to 
silks, and thus rendered their native town for many 
years the sole possessor of this beautiful branch of the 
trade. And even at the present day, though many of tho 
principal manufacturers of Paisley have removed their 
warehouses to the more general emporium of Glasgow, 
yet they continue to draw their supply of goods from 
their former townsmen. This # fact, joined to the cir- 
cumstance of the fine muslin yarn being chiefly 
brought from Manchester to Paisley, shows how a 
manufacture, which depends on the skill of a coloity of 
workmen, gets fixed and rooted, as it were, among 
them, in spite of many motives and efforts to trans- 
plant it. Thus also the Manchester spinners o ihigh 
numbers have never been rivalled by those of Glas- 
gow, whatever pains the proprietors of the mills in the 
latter place may have bestowed in getting their ma- 
chines made in the best manner, and alter the most 
improved patterns. 

The thicker cotton goods have also their favourite 
localities. Dimities continue to be exclusively manu- 
factured in the North of England, though they have 
been often attempted, but in vain, by the Scotch. 
The finer qualities of* these goods are made at War- 
rington, the coarser in the West Riding of Yorkshire. 
Preston and Ghorley still retain Balasore handker- 
chiefs to* themselves. Ginghams, however, which were 
long monopolized by Lancashire, have for several 
years bee* * partially extended to Glasgow. On the 
other hand, Pulliqjd handkerchiefs — a style of goods 
first introduced at Glasgow in 1785, and manufac- 
tured exclusively there to a great extent for many 
years— were eventually introduced into Lancashire, 
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but have never totifined the same magnitude to in 
their birth-place. « - * 

Blue and white checks and stripes for the tropical 
markets are woven chiefly at Carlisle ; though some 
aie also made in Lancashire, and the county of Fife. . 

The manufacture of cotton cambric sprung up also 
from the mule-frame, and became characterized by 
two styles, — cambric for ladies’ robes, either white or 
printed, and cambric resembling the fine linen cam* 
brie of France, for which it was designed to be a sub- 
stitute : Lancashire is the sole seat of the first style, 
which it fabricates to an immense amount; Glasgow 
is the scat of the second style, and which is of much 
more limited demand. Either place has endeavoured, 
but in vain, to compete with its rival in this analogous 
production. 

Effects of Improvements in Mach met y upon the Prieto 
of Products . 

* 

In the year 1782, Arkwright’s cotton twist of No. 60 
exceeded the price of the raw material by 20.?. a lb., 
or, in other words, he charged li. sterling for spinning 
one pound weight of cotton into such yarn. In 1830 * 
the charge for spinning one pound of such cotton yarn 
by the mule was only \s. 0 d. If wo take into account 
the depreciation of the value of money ^ince 1782, the 
decrease will be from 20 a 1 . down to 9 d., that is in the 
proportion nearly of 27 to 1. 

Tlie number of mule-gpincUes going in 1812, ap- 
peared by actual suney to be 4,200,000, producing a 
quantity of cotton yarn equal at llast to what could 
be spun in the same time by 4,200,000 persons work* ^ 
ing diligently with our household wheel 
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i In Great, Britain all these spindles were conducted 
by 70,000 persons, working at average wages of 2<M. ‘ 
a-day each ; being one-sixtieth the number of per- 
sona necessary to manage as many spindles in India. 
But on account of more expensive apparatus and vari- 
ous contingencies, let us assume the ratio of 40 to 1. 
Then 40 Indian spinners at 2d. a-day, receiving alto- 
gether 0s. Sd w ill produce no more yarn than one 
British spinner at Is. Hii, being one-fourth of the 
wages. If we take into account also how many yards 
of good calico one person will turn oft’ by a power- 
loom in the time that the Indian tunty would turn off 
only one, we may well understand how the cotton 
fabrics of Groat Britain may eventually clothe not 
only her subjects in Hindostan, but the immense popu- 
lation of Eastern Asia, and its multitudinous isles. 

The progressive fall in the prices of cotton yarns 
during the short space of 18 years is exhibited in the 
following Table, presented by John Kennedy, Esq., 
of Manchester, to a Committee of Parliament in 1830. 


Ilanks per day per spindle. 

Pi ice of Cotton 
and v.isto 
per Lb. 

Laliam per 
pound. mernge 
20 rf. pur da), id 

Cost per pound. 


lsli 

1830. 

1812. 

1830. 

1812. 


1812. 

1830. 

No. 


¥ 

• 

a. (L 

«. d. 

#. d. 

*. d. 

i. 

d. 

«. d. 

IKS 

2. 

2.75 

1 0 

0 7 

i 0 

Emm 

2 

6 

1 24 

n 

1.5 

2.5 

2 0 

0 10 

1 G 

1 oX 

3 

6 



1.5 

2.0 

2 2 

o m 

2 2 

1 7\ 

4 

4 

2 i* 

HM 

M 

1.8 

2 4 

i ij 

2 10 

2 2* 

5 

2 

3 4i 

120 

i.i 

1 -«5 

2 6 

1 4 

3 6 

2 8 

G 

B 

4* 0 

m 

IWfll 

1.33 

2U0 

1 8 


4 11 

9 

4 

5 7 

200 

0.75. 


9 4 

3 0 

16 8 

If 6 

20 

0 

M 6 

m 

o.'os* 


KB 

3 8 

31 0 

24 G 

! 

35 

0 

28 2 


Indian price* remained the game at both period*. 
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Prices of Cotton Yarns per Hank . 


English Prices. 

Indian Prices. 


1812. 

1830. 

1812 and 1830. 

No. 

• 

d. 

mm 

<4 

40 

H 

■1 

21 

CO 

12 . 


23 

80 

•a 

■Si 

2| 

100 

n 


3 


4 


31 


H 

1 

4 

200 

2jj 


H 

250 

31 

Kl 

8 


** It, is upon the basis of spinning that the great 
abridgments of labour, and the consequent cheapness 
of the cotton manufacture, have been chiefly founded, 
and by which this country will be able to meet, competi- 
tion in the eastern markets, either in yarns or in cloth, 
of which they form the principal constituent value* 
Very important discoveries and improvements have 
doubtless been made in weaving, dyeing, printing, 
and bleaching, and particularly for certain operations 
and descriptions of cloth ; but, taken in the gross, the 
amount will bear but an inferior proportion to the 
economy introduced by spinning, upon which both 
invention and exertion have been upon the rack for 
the last 30 years, and a mil capital vested in building 
and machinery of 10,000,000/. sterling. The conse- 
quence of these improvements has been, that by the 
last returns, from 4,000,000 to 5,000,000 lbs. of cotton 
yam have been exported to India in on* year, while 
in 1812 only a few samples were sent.”* 

* Mr. Kennedy vt svpra. 
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The fall of price is much morj remarkable with 
regard to calicoes than to yarns. Of this fact Mr. 
Everett has afforded striking evidence in the following 
statement of cotton goods which he shipped in American 
traders from England to Canton (luring the years 
1820-1, and down to 1828 .inclusive. The total 
quantity w£s 220,571 pieces, value £207,784. 

• 

Depreciation of the Cost of Cotton Long Cloths since 1820. 


1821 from 

2J to 

5 per cent. 

1 82f» from 30 

to 35 percent. 

1822 

5 

71 

1827 

35 

40 

1823 

10 

15 

1828 

40 

45 

1824 

20 

25 

1821) 

45 

50 

1825 

121 

15 

1830 

471 

50* 


Thus nearly a double quantity of long cloths might 
be bought in 1830 for the same money as in 1820; 
and thus a double number of persons might be enabled 
to purchase and wear them. 

By the increased exports of our manufactures, as 
their prices fall, we arc enabled to obtain a vas tly 
greater proportion of the productions of foreign nations 
than we did 20 years ago, as the following statement 
of imports at two such intervals will show : — 


Home 

Consumption. 


1810. Jon. 1836. 


Sheep 'i wool 
Cotton wool{ 
Sugar 


hoTffc eon- 
Romptiom 
do. 


Corce 


do. 


Wine do. 


Tea 4o. 

Pepper do. 


lbs. 


10,914,137 

43,185,993 

} do. 


90,000,000 

333,000,000 

cwts. 


3,489,31 2+ 

4,466,000 

lbs. 


5,308,096 

22,326,000 

galls, in whole 6,805,27f»| 

6,640,519 
in whole 9,033,000 
36,606,000 
do. 41,194,000 

lbs. 

do. 

22,000, 00o{ 

do. 

do. 

1,117,000 

3,345,000 


* Commons’ Report on Indian Affairs, 1830. 
f A great deal was consumed in the distilleries this year. 



42& STATISTICS OF PRICES. 


Prices of Upland Georgian Cotton Water-twist, No. 20, 
$ Shifting y, and } Velveteens. 


Yean. 

Cotton. 

Water Twist 

| Shirtings per piece. 

| Velveteen* 1 
per lb. J 


d. 

d. 

DifT to 
Cotton 

a: 

d. 

T)iff to 
Cotton. 

a. d. 

d. 

Ditr to 
Cotton. 
d. 

1827 

61 

12 

si 

. , 

. , 

' , 

. 

1828 

«i 

1U 

4 

. . 

. , 

211 

15* 

1829 


HI 


• • 

• • 


l2 i 

Ha 

'■I 

11* 

41 

13 5 

7 4* 

is? 

12 

1831 


10J 

4f 

13 0 

7 10* 

19* 

m 

18J2 


III} 

4l 

13 0 

7 2* 

17J 

n 

1833 

n 

lid 

3} 

13 1 

6 4 


9i 


Tile loss of cotton of that quality in waste amounted 
to one-eighth, or 2 oz. per lb. The above Table 
was given in to the Committee on Manufactures by 
Joshua Milne, Esq., of Crompton, near Oldham. He 
has four mills, employs about 77 0 hands, several of 
whom are in families earning from 40.v. to 50 s. per 
week, and has lately disposed of power-looms for 
£255, which cost him £1,400, and replaced them by 
others of an improved construction. In his manufac- 
ture he allows 5 per cent, for interest of money, and 
10 per cent, annually expended on repairs of the ma- 
chinery, but 33 per cent, on the cards, which must be 
renewed every three ^ears. lie admits^ that as he is 
working more cheaply now than formerly, in conse- 
quence of improved machinery, the difference between 
the price of raw and manufactured cotton is not a 
correct criterion of his rate of profit. The new looms 
cost only £800, and did better work than the old, 
which cost £1,400. This is a particular case, and 
could not he applied to the rest of the apparatus in the 
mill. The old looms were for fustians, and had been 
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originally ill constructed for their work. “ There is 
some machinery,” adds he, “which k is better to burn 
than to use.”* 

Table of the Average Price of Cotton compared with 
Twist Sold . 

The coliynn “ Difference” mfly be considered as de- 
noting the progress of machinery in the cotton manufac- 
ture during the last thirty years. * As the first number 
in this column is 20*2 d., and the last 5*3 7d„ it would 
seem to follow that cotton-spinning machinery is now 
nearly four times as efficient as it was thirty years ago. 
This conclusion is not, however, quite accurate, at 
least for the numbers giten Mnee 1825; as, from that 
period, the prices of )arn have been frequently insuffi- 
cient to pay the cost of production, owing to the uni- 
versal introduction of power-looms. This paradoxical 
result has been brought about in the following way: — 
Previous to the general use of jxnvor-looms, hand-loom 
weavers were the principal purchasers of cotton-yarn; 
but when the power-loom was extensively introduced, 
the manufacturing of cloth, by its assistance, did not 
form a separate business, as in the hand-loom trade, 
but was carried on under the same roof with the spin- 
ning of cotton, the manufacturers of yarn ha\ing 
added a powef-lojm department to that of their spin- 
ning machinery. The hand-loom weavers could not, 
of course, work against the competition of the steam- 
looms, or if tfyey did struggle Jto earn a scanty subsist- 
ence from their business, they could do so only by 
giving a far Jowcr price for tho ) arn they made use of 
than before; the consequence was, that there were 
* Supp. Report Factory Commi«»* p* 185* 
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hardly any buyers of yarn in the market, and the 
price was reduced so low that the profits of the spin- 
ners of it were almost annihilated ; many of them were 
brought to bankruptcy, and, of late years, those 
coarse cotton-spinners only have driven a profitable, 
trade, who have annexed power-looms to their spin- 
ning establishments. This explanation i$ necessary 
in reference to the present Table. The factory to which 
it refers is solely for spinning. This does not prove that 
the cotton business in general has been profitless for 
the last few years, but simply that the mode of con- 
ducting it profitably has changed, and that those who 
have stuck to the old method of proceeding have suf- 
fered severely. 

At this moment (May 1830) the demand for yam 
in the foreign (chiefly German and Russian) markets 
is so brisk, a* to render power-weaving an unprofitable 
business relatively to spinning. Such are the vicis- 
situdes of trade ! 
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Average Prick of Cotton compared with Twist Sold. 



Furnished by Samuel Greg and Co., not from their own raillf* 
but they can vouch for its being accurate. 



















icss of Mawciisst£& Cotton Twist, abridged from Mr. W. F. Reuse’s excellent Tabular Visit of the Cotton Mano 

of Great Britain. 
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yaro#tt» teginningof this - 
year, promised ft*W|lwjgc^lle,l5fti from jthe multi- 
plicatioi* of p^w4obms,3|(fprice of calico fell, gene* 

, rally speaking, so low as to afforcjl iitiie remuneration 
to the manufacturers. * Iff tJie^lagt months of the year 
particularly, from tlie dftninislfcd vent, if became lower 
than at any former period. 

182& The depression which prevailed at the con- 
clusion of last year in the cottol cloth trade continued, 
without interruption, during the first six months of the 
present year. Considerable bankruptcies occurred, 
which, in conjunction with the disputes which arose 
between the mill-owncy and the operatives about 
wages, occasioned a long suspension of the course of 
business. The cotton twi&t trade, however, was far 
from lieing unsatisfactory as to price. 

1830. The influence of the Belgian revolution on 
the commercial world, as well as the differences re- 
vised towards the end of this year between the manu- 
facturers and their workmen, obstructed not a little 
the demand for ell sorts of cotton goods. The trade, 
however, indicated a steady tendency to increase, espe- 
cially at the beginning of the year; but towards its 
close the purchasers were seized with a panic on 
account of the unsettled stale of Continental politics. 

1831. The demand of cotton jarn and fabrics for 
exportation was upon the increase at fair price's. These 
became unfavourably affected in December by the 
new Act i j Parliament for. restricting the hours of 
labour in factories, to which circumstance some of the 
manufacturers fell a sacrifice. 

1838. Toe business of the factory districts being no 
longer disturbed by trades* unions, stokes, and quar* 

VOL. ii. _ u 
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rels, the manufacture of cottqji in all its branches ad- 
vanced in a constant and satisfactory manner ; the ex- 
port of twist, in particu^|r, was greatly increased, 
although complaints were made by the mill-owners of 
the little difference in price between the raw and 
manufactured article. 

1833. This year is tfie commencement of a new era 
in the trade of England, in consequence of the Slave 
Emancipation Act, the new Bunk Charter, and the 
opening up of the trade to China. These important 
measures, dictated by the liberal spirit of the age, 
soon began to display their propitious influence in 
every department of British industry. Their primary 
effect was to excite extensive speculations in cotton 
wool and cotton yarn. 

1834. The beneficial influence of the philanthropic 
acts of tile British Parliament in 1833 upon the pros- 
perity of the country were very conspicuous in 1834, 
especially in reference to the textile manufactures. 
The fabrication of cotton goods became not only more 
extensive, but assumed a more substantial and health- 
ful character. A0 the hands were in full employment 
during the course of the year. As the prices of cotton 
wool remained steady during the first nine months, the 
spinner derived the full advantage of the improved 
demand for his goods. The factory operatives now 
ceased to complain either of low wages or of the hours 
of work, having full occupation, with bread and other 
necessaries of life at moderate rates, in spite of the 
corn laws. Commercial enterprise gave itself up the 
more confidently to tlje allurement of the ,times, as no 
interruption to its access had lately occurred. 

1835. The increased facilities of trade, and the 
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large demand for ootton twist, in the China market, 
the extent of which is yet unknown, along with the 
quickly-advancing consuq|ptioii of the old customers 
in every country, the continuance of peace, and the 
soundness of credit, gave to the cotton trade of Great 
Britain this year a prodigious impulse. The antici- 
pation of m very large dcrnnnr! exciting fears of a short 
supply of the raw material caused a panic in the 
cotton-wool market, which reacted upon the yarns, 
and raised their prices towards the conclusion of the 
spring months, without the aid of speculation. At 
the end of the month of May, Georgia and Louisiana 
cotton wools stood '2d., Sea island and Egyptian 
to 4 */., and Brazil 3 J. higher than in January, cotton 
tw ist rising in a similar proportion. The alarms of the 
trade were by this time appeased, and the fears of a 
short supply of cotton wool seemed to be unfounded. 

According to Mr. \V. F. Reuss, the production of 
cotton yarn in Great Britain, in the year 1-S35, was as 
follows : — „ 

At . . 

Cotton wool spun . . . • • 315,997,442 

Waste in spinning . . . v . 34,562,220 

Total yarn made in England and Scotland 281,415,222 

Scotland alone ..... 32,520,691 

Total yarn^ipuii in England . . . 248,014,531 

Being nearly eight times the production of Scotland. 

Employment of the said Yarn . 

Exported twist . . 82,457.885 

„ thread . * 1,842,124 

„ goods (manufactnred) 97,822;T22 
Sent to Scotian dftkud Ireland from 

Engla^I .... ^5,359,000 

Miscellaneous articles, waste, &c. IJL&00,000 4 

Retained for home wear, and » tock 49ft32,800 

" 249,914,531 

u 2 
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t 

, Exports of CottSn Tivist in l8S5, by Mr. Reuse. 

Ua. lbs. 

Africa * « • „ 15 189 Mexico . • 668,886 

Belgium . • 14,645,506 Naples and Sicily • 2,246,927 

Brasil* . * 194,778 New Holland * 4,060 

British West Indies 3,459 Prussia . . 10,791 

British N. America 153,597 Portugal • . 272,717 

Chili and Peru • 7,320 Russia . I 21,478,499 

Columbia • • 1,200 Sweden and Norway 925,309 

Denmark • • 14; 800 Spam • • 1 788 

France • • 75,145 Sardinia, Tuscany, 

Gibraltar . . 37,944 &c. . . . 2,293,541 

Hanover and Hanse Trieste and Austria 1,777,805 

Towns • • 29,306,538 Turkey & the Levant *1,667,441 

Jnriia and China • 5,305,512 United States of 

Malta and the Ionian America • . 131,060 

Isles * . . 417,046 

Mauritius and Java 237,726 * Total . 82,457,885 

♦ Egypt, 558,630 of that quantity. 


Lace-Thread Piiec List of T. Houldsworthy Esq. f M P. 


Price per lb. Price per lb. 


No. 


i — — 


d. 

No. 


r — — 

8. 

d . 

80 



s 

6 

170 



10 

7 

90 



,T 

10 

ISO 

t ■ 


12 

0 

100 



4 

3 

190 



14 

0 

110 

5 


4 

11 

200 


• 

16 

0 

120 

* , 

. 4 

5 

8 

210 


• 

18 

6 

130 



6 

5 * 

220 


# t 

21 

3 

140 



7 

3 

230 

4 


25 

0 

150 


« , 

8 

2 

240 



29 

6 

160 


H 

9 

2 

250 

• 


35 

0 


9 

The price above No. 250 must J>e fixed by special agreement. The 
thread is delivered lufldM an Chester, and is thenceforward at the risk of 
thejiurchsier. 
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OTSCAL sf RUSTICS OF,COTTON» 

* 1 .? 

__ 4* # 

/Jato and Amounts of Excise Duties laid at different 
Times* froth the earliest Period, oh Cotton Goods made 
in Great Britain . Duti0 commenced 20 th July , 1712. 

Pfer Yard. 

Calicoes printed, stained, painted, or dyed • 3 d. yard wide. 

From 2d Aug. 1714— Additional duty of tho like 

amount, total . • . . 6 d. „ 

17th slug. 1774 — Stuffs wholly made of 
cotton spun in Great Britain, called “ British 
Manufactory” • • .• • 3d. „ 

„ 5th April, 1779—5 per cent, additional duty on the former duty* 
„ 5th April, 1782 — A second 5 per cent, as before. 

„ 25th July, 1782— A third 5 per cent, as before. 

„ 1st Oct. 1784 — Duties on cottons, stuffs, and cotton and linen 
mixed, bleached or dyed, not being linen gauses sprigged with 
cotton, viz., under 3j. per yard in value, 1</. per yard, and 15 
per cent, thereon. At 3 s. per yard in value, or upwards, 2d. per 
yard, and 15 per cent thereon. 

1st Aug. If 85 — The above repealed, and new duties, viz.:— 
l.inens printed, paiuted, &c., of greater value U • 
than 1#. Ad. and not more than 2#. 6 d. . 1£ per. *q. yd. 
Do. 2i. 6 d. ...... 3j^| ,, 

Mixed or cotton stuffs, do. Is. 8 </., aud not 
more than 3s. ..... 2J& m 

Do. 3s. ....... 4}^ „ 

British muslins, do. Is. 8 d., not more than 3s, 2^ , r 
Do. 3s. • • . • • . 4^j yy 

10th May, 1787 — The whole of the afovc re- 
pealed, and nevfduties in lieu thereof, viz. : — 

British manufactory and British muslin • 3£ *„ 

Linens and stuffs • . . . • . 3J . „ 

These rates Continued until the repeal of the duty, 1st of Marchs' 

1831. • f 

Duties on Cotton Wool at different Periods. 


Years. 

COTTON VffioL 1MFOUTEO. 

lbs. •; Yea». ^ 

lbs. 

1697 

1,976,35ft 

j » 1730 . 

1,540,472. 

1701 . 

1,985,86? 

< 1741 

1,645,031 - 

J710 # . 

715,008 

iitu 

* jw* ? * 

2,97<6XO * 

1720 

1,912^05 

3,170*892 


^laspector-GeapTsi's Office, 2lsft Jan., 1834. 
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KATU OF bVtfKo^COTTON WOta IMPORTED. 

Previous to 179$, < . / Free. 

1798. Imported by the E. I., Company £4 per cent ad valorem. 

. From the British Colonial or 

Plantations . . * . 8#. 9d. per 100 lbs* 

From Turkey and the United 
States of America ^ . . 6s. 6 d. „ 

*% From any other place t . . 12s. (M. „ 

1801. . * Free. 

1802. Imported by the K. t I. Company £4. 16s. per cent, ad val. 
From Turkey and Ihe United^ 

States of America . % *. m 7s. lOef. per 100 lbs. 

> From the British Colonies and 

Plantations . . . 1 Os. 6d. „ 

From any other place . • 15s. „ 

1803. Firom the East Indies, Turkey, 

the United States of America, 
and any British Colony or 
Plantation • . . 16s. Hd, „ 

From any other place . . £1. r >* * „ 

1805. E. I. Company, Turkey, United 
States of America, and any 
British Colony or Possession 16s. JO^rf. „ 

From any other place • . 2")s. 3f d. „ 

1809. All sorts . . . . 16s. lltf. „ 

1815. All sorts .... 8s. 7 d. „ 

1819. From apy British Colony or 

Plantation in America, and r 


imported directly from thence 6s. 3d. 
Otherwise imprted . . *§#. 7d . 

1820. Of any British Colony or Plan- 
station in America, and im- 


n ^ 

9* ' 


ported directly from thence . * 6s. 3d, ’* „ 

Otherwise imported . . £6.‘per cent, ad valorem* 

1821. Of any BritHm Colony or Plan- 
tation in America, an^im., 
ported directly from thence • Free. 

Otherwise imported . £6. per cent, ad valorem* 

1828. Of any British Colony or B|an- p 
tation in Ametka,pr of JMalta, 
and . imported directly from 


thence ' 

* Otherwise Sorted • 


r*.. 

£$. percent ad valorem* 
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1828. Imported from aaj British Pee- s „ 

session . * . *^44. per cwt. 

From any oilier place . . £6. per cent, ad valorem, 

1831. The produce of, and imported 

from, any British Possession 44. per cwt. 

Of any foreign country, or im- 
ported therefrom . . 5/. 104. „ 

1833 The produce of, and imported 

f<pm, any British Possesion 44. per cwt. 

The produce of any foreign 

country, or imported there frost 2 #. 114. „ 

Inspector-Generars Office, 21st Jan., 1834. 

(Signed) ** W. Irving. 

The following Tables, compiled by Dr. Mitchell 
from the HcporN of the Factory Commissioners, ex- 
hibit the rates of wagjs for cotton-spinning in the two 
great factory districts of England and Scotland. 

Taiii ks of the Wages and Ages of the Operatives in the Cotton 
Manufacture. 
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v GLASGOW. * 

i _ . 

Age. 

Males. 

Female*. j 

Number 

employed. 

Average 

Weekly 

Wage*. 

Number 

employed. 

Average 

Weekly 

Wag«i. 



f. 

rf. 


9 . (t. 

Below 1 1 

283 ' 

1 114 

256 

1 lu£ 

From 11 to 16 

1,519 

4 

7 

2,162 

3 $$ 

16 — 21 

881, 

9 

7 

2,452 

6 2 

21 — 26 

541 

18 

6 

1 ,252 

7 21 

26 — 31 

358 

19 in 

674 

7 1 

31—36 

331 

20 

9 

255 

7 4J 

36 — 41 

279 

19 


218 

6 71 

41—46 

159 

19 

G 

92 

G 6 

46 — 51 

117 

19 

2 

41 

6 10 

51—56 

69 

17 

H 

18 

6 14 

56 — 61 

45 

16 

11 

16 

6 0 

61 — 66 

17 

17 

7 

7 

5 5 

C6— 71 

15 

15 

9* 

2 

4 0 

71 — 76 

11 

10 

11 

— . 

— 

76 — 81 

5 

9 

G 

— 

— 

81—86 

0 

0 

0 

— 

— 

66 — 91 

1 

8 

0 

— 

— 


4,631 



7,445 



Actual Prices paid for Spinning Mules of different Sizes, 
A spinner spinning — 

i. d. 

No. 170, on mules of 336 spindles and unde*, is paid 2 0 per lb. 


Do. do. 34$ to 384 do. 1 11* 

DO. do. 396 do. 1 10J 

Do. do. 600 spindles is paid 

at Mestrs. M’Cnniudl’s, Man&iest^r * 1 4£ 

at Messrs. Houldsworth's, do. 1 * 8£ 

at Messrs. Carruthers’, do. 1 


A spinner spinning— 

No. 200, OH mtdet of 336 spindles and under . " .36 

Do. do. 348 € do. 3 5 

Do. do* 306 , do. ^3 4 

Do. do. 600 do. \ 

»t Ma»u*> MOohmII'. .» . 8 5# 

at Jlouldswortli’s .26* 

at Messrs. Carnrthera’ • . 2 8| 
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Thus the advantages of large mules over small trill 
give a difference of four to fhe per cent, in cost of pro- 
duction, but of seven to eight in rate of spinners* 
wages. 

It lias been stated to be doubtful whether the large 
mules, employed as abene in-line spinning, can ever be 
applied to coarse spinning, owing to the greater rapi- 
dity of the motion in mules <pr coarse spinning, and 
the weight of them. An experienced manufacturer 
resolves this doubt by saying, that, with the knowledge 
possessed by modern mechanics of diminishing fric- 
tion, and with the superior accuracy of their work, a 
spinner can manage two mules of GOO spindles for 
coarse spinning with as much ease to himself, and 
with no less, or more rapidity of the machinery, than 
he did two mules of 300 spindles each ten years ago. 
“ I hate not seen mules of GOO spindles for coarse* 
work yet fitted up ; hut I have myself fitted up a pair 
of mules for my master, oft 12 spindles each, for coarse 
w r ork, and they answer so well that I see that I could 
easily and certainly add 100 spindles to them.”* 

Estimate of cost of a fire-proof mill of 24 window* long (exclusive of 
engine-house), 9 feet bajs, 42 feet wide, and 7 stone* high, with 
a steam-engine of 100-horse power, to turn 24,000 spindles, spinning 
No. 40 j 12,000 throstle spindles, spinning No. 30; with all neces- 
sary preparation* for the same. 

Suppose the mill 75 jards long (including engine-house), 

13 yards wide, and 7 stones high, conta ning 6,825 square 
yards of floonng, cost about 50* per square yard, and in- 
clude null? di-gearing, steam-pipes, steam-engine boilers, 
boiler-house, gas-house, gas apparatus, and other appendages 
to complete the mill ; 6,82^|acd*, at 50*., cost • . • £17,062- 

* Rowbvtham in Factory Commission Report, Part I., Bolton r 
p.133. 
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-V 

A fire-proof warehouse of 10 windows long, 5 stories high, 

30 feet wide, for cotton dllar, waste place, counting-house, 
twigt room#, reeling rooms, making-up and taking-in rooms, 

Ac., will contain about 1,500 square yards flooring, at 30#. £2,250 

A mill of the above dimensions will contain, and an engine of the 
above power will turn, the following spinning machinery and pre- 
paration, and will produce weekly the following weight of yarn 

12.000 throstle spindles, a£ 22 £1 *. f at too 1 , 

hanks, or three quarters of a pound, > « nnn\ spindles == 60 horsei. 
per spindle of No. 30. g \ * l 1 * 01 lwree 

24.000 mule spindles, at 18 banks,! ,, f atsoo ) 

or three quarters of a pound, per> Q ‘ nn < spindles ► ss 40 hones, 
•pindle of No. 40. j 10 » 800 (p« 

19,800 100 


Machinery . 


One willow • 


£ 80 

Three scutchers 

£ 60 

180 

Three lap machines 

60 

180 

One hundred cards, forty-inch, and covered with 
cards • . . • ‘ . . . . 

50 

5,000 

Three card grinding machines .... 

30 

90 

Twelve drawing frames, four headslfeach • 

40 

480 

Twelve stubbing frames ..... 

67 

804 

Forty-eight fine frames 

81 

3,888 

Twelve thousand throstle spindles, in eighty throstles, 
of one hundred and fifty each, at 9#. per spindle 


5,400 

Twenty-four thousand mule spindles, in forty pairs of 
three hundred spindles per mule, at 5#. per spindle 


6,000 

Cost of mill . , 

4 • 

22,102 

17,062 

Cost of warehouse ( • 


2,250 

Cop and bobbiu reels 

£300 

£41,414 

Mechanics* shops, lathes, rices, apd tools • • 

200 


Counting-house ...... 

100 


Cotton and twist parehouses, waste places, Ac., 
fitted up • • • . • • 

too 




. 700 


Carried forward . £42,114 
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Brought forwa»4 • 

Cant # . 

Strap 

Bobbins for stubbing and jack-frames and mules • 
Bobbins for throstles • . • • • 

Doffiu tins ••••••• 

Skewers • ..•••• 

Ships # • . * . 

Banding, list, buckles, &c. .... 

Roller leather, and rollers covering . . . 

Making up presses, counters, weights, And scales • 
Horse, cart, gear, stable . . • • . 


• £42,114 

300 
400 
410 
60 
100 
50 , 

100 

100 

250 

100 

150 

2,020 


44,134 

Purchase of land and procuring a supply of water 

for engine ....... 3,000 

Total cost .... £47,134 

In a mill of the before-mentioned dimensions, and seven stories 
high, the different stories would probably be occupied as follows 

One and a half story far 100 cards, of 40 inches, and preparation ; 
say 6 feet per engine. 

Half story for scutching, and cleaning, binns, and mixing. 

One story for 80 throstles of HO each, equal to 12,000, at 5J- feet 
per pair. 

Four stories for 10 pairs of mules of 300 spindles per mule in each 
room, equal to 24,000. 

Warehouse . 

Cellar for cotton and waste. 

Ground floor, counting-house, and twist rooms. 

Third story, making-up and store rooms. 

Fourth and fifth stones, feelers, Ac. 

The above estimate is made up by a very competent 
person engaged in the construction of machinery, and 
who has a mill of his own. But such estimates gene- 
rally faff L.uch below the actual* outlay. The owners 
of mills would give their separate valuations at a much 
higher rafc * 

* Holland Hoole, Esq., in Factory Commission Report, Part I., 
Manchester, p. 96. f 



DIFFERENCES OF WAGES. 

f~ * 

■ The great differences irUhe average rates^of wages; 
pfcid by different mitt-owners in Manchester for spin-* 
Ding the same quality and fineness of yam with similar 
mule~jennies is one of the most remarkable, and, at 
first sight, most pilzzling circumstances in the factory 
system. Thtuyve find that the average rates of weekly 
wages, or net earnings, in 69 hours of each individual 
employed, in the following fine spinning-mills, are as 
follow : — 


Name of Firm. 

* 

Fineness of Yarn 
or Counts spun. 

Average 

Fineness. 

Total of 
Operatives. 

Average Earn 
mgs m i m* week 
of hours, of 
each individual 
ol all ages. 

M Connell & Co. 

T. Houhlnworth, M.P. 
A. and G. Murray , 
T. R. and T. Ogden . 
Beniamin Grav . . 
Benjamin Sanaford . 
Thomas Plant . . . 

J. and W. Dollhouse 

S. M. Mooie .... 
Hugh Shaw and Co. 
William Currutheis 

100 to 240 
130 to 230 

90 to 21 0 
150 to 220 
100 to 200 

1 10 to 210 
140 to 210 
130 to 210# 
1*>0 to 210 
150 to 210 
no to 210 

170 

180 

1 r> 

176 

130* 

175 

175 

170 

180 

no 

180 

1,545 

1 ,‘201 
811 
ni 

391 

382 

343 

211 

189 

n2 

143 

131 *03 pence. 
122*72 

141*96 

125* 

113*5 

112*94 

112*34 

148*46 

129*49 

111*3 

146*24 


The average net weekly earnings of all the adult 
mule-spinners, in the coarse and fine mills of Man- 
* cheater, is 325*64 pence, or fully 2 7s. That of the 
men spinners alone in the fine mills varies trom 30 j*. to 
40&, which, with the wages of two children as assist- 
ants, at an a\erago of 5s. each, will make up an excel- 
lent income for a working man's family, one very dif- 
ferent indeed from the 12s. or 14 j. earned by a like 
family in the agricultural districts of England. 

But the extraordinary phenomenon in the above 
table is the difference of wages paid in similar mills 









DIFFERENCES OF WAGES. 


445 * 

of the sexie town for work of like quality. Thus, in 
three mills which spin the average count of 180 
hanks of yarn in a pound weight, or nearly 90 miles' 
length out of one pound of cotton, the average wages 
to the workmen are 122*72 pence/ 129*49 pence, and 
1 1 1*8 pence. The latter two, which differ*so much, aro 
moreover of the same extent, or employ nearly the 
same number of hands. 

These differences arc well known to the operatives 
in Manchester from the constant intercourse which 
subsists between them, and yet they create no jea- 
lousies either among them or the masters, because 
the spinners are paid according to a general table, 
called the Manchester List of Pmcx* agreed upon 
and fixed for a certain period, according to the num- 
ber of spindles m a mule, and the fineness of the 
yarn.* The more spindles theie are in a mule, t ho 
more yarn can a spinner turn off', and, though his 
earnings relatively to each spindle may be less, his 
weekly wages for like labour on his pair of mules be- 
comes greater, while the cost of spinning to the mas- 
ter is diminished. Thus operative, owner of the mill, 
the commerce of the country, and mankind at large, 
all simultaneously profit by this factory progression. 

The causes of the above differences are very com- 
plex. Sodie jnills, like Mr. Houldsworth’a, which, 
according to the principle of fineness of yam, ought to 
pay fully the average wages, pay less in consecpience of 
the numbe* of machines employed in it for doubling 
the fine yam into thread for making lace. Now these 
doubling machines are Superintended* by young per* 
sons, who work, of course, at much lower wages than 

+ See Philos, of Manufactures, page 319. 
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skilful adult spinners. Again, factories which have 
mules containing rdost spindles employ the largest 
proportion of juvenile pieeers and scavengers, and, of 
course, pay a less average rate of wages among the 
whole operatives. Some mills, also, which are filled 
with modern machinery of the best kind, but not with 
very large mules, enable Ihe spinner to turn off a pro- 
portionably greater quantity .of work, and to earn pro- 
portionably higher wages, — a result most advantageous 
to the mill-owner, as it makes his sunk capital so 
much the more productive. Hence, in these circum- 
stances, the higher average rate of wage* he pays, the 
more prosperous he is. On the contrary, when a 
manufacturer works his mill with very long mules, 
such as contain from N00 to 1.000 spindles, he needs 
fewer spinners at high, and more pieeers at low 
wages, and will therefore pay a lower average rate, 
which will he in this case the cause and measure of 
his prosperity. When a long mule is constructed in 
the best possible manner, a prudent operative may 
choose to take work on it at a rate per pound of yarn 
under the print'd list prices , because he can even 
then earn a very large weekly sum. Under such a 
variety of circumstances the average rate of wages paid 
by the mill-owner may undergo considerable varia- 
tion, without an\ person in the trade having just rea- 
son to blame either master or servant. 

The following is the result of an average of several 
men's work at different periods. There are 111 spin- 
ners at present employed in the mill, each earning, on 
an average peir week, 33*. 3d. In the satpe factory 
917 persons dre employed in card-rooms, doubling, 
reeling, and piecing; their net earnings average 
7s. Id. per week. 
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Particulars of Fine Cotton-Spinvtors 1 Wages at different Periods, 
spinning No. 180 and No. 200 ; fromVte Wages-book of Thomas 
Houldsworth f Esq., M.P . , Manchester . 


Yean. 

Work turned 
off by one 
Spinner per 
week. 

• 

Wages per week. 

• 

Hours 
of work 
per 
week. 

« 

Prices from 
Greenwich 
Hospital 
Records. 

Quantities 
which a week's 
net earnings 
would purch. 

lbs. 

Nos. 

Gross. 

Piecers. 

Net. 

Flour 

per 

sack.* 

Flesh 
per lb. 

lbs. 

Flour 

lbs. 

Flesh. 

1804 

12 

180 

*. d. 
CO 0 

s. d. 
27 6 

8. d. 
32 fi 

74 sup. 

*. » l 
83 0 

d. d. 

6 to 7 

117 

62* 

i , 

9 

200- 

67 6 

31 0 

36 6 

74 

83 0 

6 to 7 

124 

73 

1814 

18 

180 

72 0 

27 6 

44 6 

74 

70 6 

8 

175 

67 

9 f 

134 

200 

90 0 

30 0 

60 0 

74 

70 6 

8 

239 

90 

1833 

22| 

180 

04 8 

21*0 

33 8 

69 

45 0 

G 

210 

67 

i > 

19 

200 

65 3 

22 6 

42 9 

68 

45 0 

G 

267 

85 


' The wit jc of flour is taken at 280 lbs. 


Rates of Wages per Week at the different Periods in 
the same Mill . 



1806. 

1811. 

1815. 

1818. 

1824. 

1833. 

Card-room. 

s. 

d. 

1. 

d. 

s. 

d. 

«. 

d. 

1. 

d. 

8 . 

d . 

Males . . 

15 

0 

15 

0 

15 

6 

15 

0 

15 

0 

15 

0 

, t 

17 

0 

17 

0 

18 

6 

18 

0 

17 

9 

17 

9 

f > 

35 

0 

35 

0 

40 

0 

40 

0 

40 

0 

30 

0 

Females . 

9 

0 

9 

0 

10 

0 

9 

0 

9 

0 

9 

0 

Rectors , , 

19 to 30 

15 

0 

15 

0 

15 

0 

15 

0 

12 

0 

Doublers , , 9 

12 

0 

t 10 

6 

10 

6 

9 

6 

1 9 

6 

8 

6 


Piecers* wages, with the exception of those of big 
piecers, who constitute one-third of the whole, have 
not varied sixpence per w$ek within the last twenty 
years. Mechanics' wages, such as blacksmiths, turn- 
ers, filers^ machine-makers, and fittem-up, are now 
from 2 Is. to 31s. per week. Within the last twenty 
years they have been as high as from 2Hs. to .35 s. ; 
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but then they worked from half an hour to an hour 
per day longer. 

Although a great deal more work is now done ill 
certain factories than formerly, it is done with fewer 
hands ; and, though a factory be increased in extent, 
the money wages paid in it may be the same as before. 
Mr. K. Finlay states that, about the beginning of the 
present century, the prqfit upon apiece of cotton goods 
to the manufacturer was as much as the price of the 
goods altogether is at present. 

It will be seen from the authentic Table of the Wage* 
earned in Cotton Factories (.see Appendix to Vol. I., 
pages 317, 3 18, and 340), that there never was a time 
when the prudent operative was better off than at. pre- 
sent, considering the quality and price of provisions, 
the extreme cheapness of clothing, and the number of 
charitable institutions that minister to his wants, and 
those of his children. And, notwithstanding the clamour 
•and lamentation about the moral and physical evils con- 
comitant on our manufacturing aggrandizement, it is 
(certain that the condition of the work-people thirty- 
uive years ago was greatly inferior in most, respects to 
then present. u At that time,” says a very competent 
variety, u the spinners were not held to any regular 
by the, of work ; they frequently spent two or three 
tion, w h the week in idleness and drinking, letting the 
son to In in their service linger for them at the public 

The* till they were disposed to go to their work ; to 
men'»j, when they dirt return, they would sometimes 
Hers* desperately, night and day, to clear off their 
an lorn score, and get more money to spend, in dissipa- 
tion.” Such practices are now unknown, an& would, 
in fact, be no longer endured by any manufacturer. 
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Number of Hand*, and their Occupation, »| a Colton Spiunillg Mill 
for Flue Numbers, with 52 Pairs of Mules. 


Cash-keeper 

Clerks or hook-keepers . * 

Cotton taxer-in, and assistant . 
Two head carders, one under do. 
Griudcrg 

Cylinder-strippers 

Top-card-strippers . • 

B rusher s . • 

Card-tenters • 

Spreaders ' . * 

Drawing-frame-tenters • . 

Jack-tenters . 

Stretchers 14, back-tenters 14 • 

Roviug-sorters . 

Two roller-coverers, 1 ledge-tenter 
Mechanics * . • 

Engineers . •. • 

Batters and pickers, about 90, l 
all grown-up women . I 

Spinners • • 

Piecers . 

Wrapper 4 . * • 

Heelers, about • 

Cop-rackers . . • 

Yarn-examiner • • • 

Overlookers • • • 

Watchman • . • 


33 6 111 

164 


12 


3 

• . 


28 

13 


14 


3 

*3 


6 


2 

90 

103 

*i 

15 


•v 

2 


1 

• 


758 Hands altogether. 
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MR. MORLPV’S OBSERVATIONS 


NOTE A, 

TO PAGE 391, VOL. II. 

Having transmitted to my kind friends, Messrs. Boden 
and Morley, of Derby, the proof sheets of my chapter on 
bobbin-net, I received tlv* following communication in re- 
turn, which, coming too late to enable me to correct the 
press in the body of the book, is here presented verbatim to 
my readers. Certain of the errors which I have inadvert- 
ently committed were occasioned by my following a great 
London authority upon this intricate subject. I have much 
pleasure in publishing these frieiMly animadversions, not 
only on account of their intrinsic truth and value, but as 
demonstrating the liberal spirit and intelligence of English 
manufacturers. 

“ You say (page 339) • The first machine for making lace 
from a stocking frame was constructed in 1777, which has 
been claimed both by Mr. Frost and by Holmes, a poor 
workman of Nottingham. This was, ere long, superseded 
by the point-net machine, the ingenious invention of Mr. 
John Liudlcy, sen., &c.’* As this account refers to cir- 
cumstances with which I am not fully acquainted, 1 am 
unable to give you a complete and correct history of them ; 
but I am persuaded there is s$»me inaccuracy in your ac- 
count, which I will endeavour to point out tyy giving you my 
ideas of the circumstance**, which 1 received from persons in 
the trade much older than myself. Various kinds of net- 
work were made from the stocking frame prior to the time 
you name, none of which, however, much resembled lace- 
net until the mention of a fabric called square net, for 
which Mr. Robert Frost had a patent This was soon 

* This account wiy copied, I believe, from Glovers History of 
Derbyshire. 
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superseded by the invention of point-net, the most perfect 
description of net-work ever produced from the stocking 
frame. This is generally supposed to have been an inven- 
tion of a poor man of the name of Holmes. Tills inven- 
tion, however, only went to show, that by a new and parti- 
cular mode of arrangement of the loop upon the stocking- 
frame a beautiful kind of net-wufrk could be made, but how 
this was to be accomplished with facility was still wnntiug. 
This was effected by the addition or appendage to the 
stocking frame called the )H)int*net machine, and which ap- 
pears to have been the result of the united ingenuity of 
several individuals. Two persons of the names of Flints 
and Morris are supposed to have assisted, but what share 
they had in it is difficult to determine, but a jierson of the 
name of Taylor, a maker of stocking frames, hud a patent 
for it. It, therefore, could not lie the sole invention of Mr. 
John Lindlev, as your account implies. 

“ Page 350. You enumerate twelve different systems of 
bobbin-net machinery ; this is incorrect ; there are only six 
that deserve that distinction. 1st. Iieatheoats patent 
machine. 7 2d. Brown's traverse warp. 3d. Morley's 
straight bolt. 4th. Clarke's pusher principle, single tier. 
5th. Lever’s machine, single tier. 6tli. Morley's circular 
bolt. AH the others are mere variations in the construc- 
tion of some of their parts. For instance, ‘the improved 
double tier, or BraileyV and ‘ the Old Loughborough 
improved, wtyh jpumping tackle,’ are slight variations of 
Heaihcoat’s paUlit machine, and, like it, arc now laid aside. 

‘ The single tier, on Stevenson’s principle,’ is the lever 
machine lying horizontally, as you have before described, 
page 344. ‘The circular comb, of Hervey’*,’ is nothing 
more than a slight difference in the construction of the 
bolt on which the carriage rides in the dtdilar bolt ma- 
chine. improved levers’ have nothing new in 

their system or principle. ‘The traverse warp rotatory, 
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or Lind ley and Lacey’s,’ tnaf have some claim to distinc- 
tion from the rest, as it is a combination of two of the dif« 
ferent systems or principles : viz., 4 Brown’s traverse warp, 1 
and ^Lever’s machine, single tier;’ but is now entirely 
out of use. 

“Page 351. You will perceive you have contradicted 
What has been said in pag6 345, ‘Mr. Morley’s circular bolt 
is the only machine which has been found capable of 
working successfully by hnechatiieal power,* which is quite 
correct. 

44 Page 367. Beginning with 4 the number of move- 
ments, Ac.,* substitute the following; viz. 

“The number of movements which are required to form 
a row of meshes in the double-tier^nachine are six ; that is, 
the whole of the carriages pass from one bolt bar to the 
other six times, during which passages the different divi- 
sions of bobbin and warp threads change their relative 
positions twelve times, as is hereafter explained. 

“Page 371. In the paragraph beginning ‘The carriage 
G, &c.,‘ substitute this for the last sentence. The carriages 
arc driven by the pressure of the bars, /, /, placed above the 
bolt or comb until the catches or points f, i\ are taken hold 
of by the locker plates /*, n\ and carried forward. 

44 1 think the sentence page 367 should be inserted page 
374, just preceding the one commencing with 4 To give 
now un idea, &c.* 

44 For page 377, beginning 4 However, l^efofe the 2d line, 
Ac.,’ down to 4 Fig. 5, at the following operation,’ page 379, 
substitute the following : While No. 10 is performing, and 
before the carriages G are again pushed to the bolt k, the 
beam H' makes another shift or traverse back to its former 
position ; this pipers the line G t one step to the right of its 
former position, whilst the line G' reoccupies its first posi- 
tion. While No. II is performing, the beam il'«sbifts one 
step to the left, as was performed in No. 9, which places 
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the line O' one step to the left of what they before occu- 
pied, and two steps to the left of tfie position which the 
line (i now occupies. Whilst No. 12 is performing, the 
beam II' returns to its original position, and rertniins 
until the same is again required. This interchange or 
traversing of the carriages with their bobbins, which is the 
most difficult thing to explain, and a most im|>ortanU prin- 
ciple in the lace machine, will be best understood by a 
careful attention to the following diagram aud explanation. 


Where the sign | represents the bolts, the sign * the back 
line of carriages, and the sign represents the front line 


of carriages ; II is the front beam or bolt-bar, and If' the 
back beam or bolt-bar. • It must be borne in mind that 
the front bolt-bar 11 remains always fixed and stationary, 
and that there jnust be an odd carriage. 

“ No. 1 represents the carriages in the front bar, the odd 
carriage being on the left. The back line of carriages are 
first moved on to the back bar II', the odd carriage, as seen 
in No. 1, having been left behind, there being no carriage 
opposite to it to drive it over ; the carriages then stand as in 
No. 2 ; the bar II' then shifts to the left, as shown in No. 3 ; 
the front carriages now go over into the back bolt-bar, 
which is represented by No. 4 ; the bar li' now shifts to 
the right. No. 5; the front carriages are then driven mer 
to the front bar, which leaves the odd carriage on the back 
bar on the right, for the same reason as before described, 
and the carriages stand as in No. 0. The bar II' now 
shifts to the left, and the carriages stand as in No. 7, — 
(observe the odd carriage is now on the back bar to the 
left.) The back carriages notf come over to the front bar, 
and stand as in No. 8. The back holt-bar H' shifts to the 
right as 9, which completes the traverse. The whole 
of the bobbins and carriages have now changed their posi- 
tion, as will be seen by comparing No. 9 with No. 1 . The 
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odd carriage in No. 1 ^ has advance one step to the right, 
and become one of the front line ; one of the baek line | 

has advanced one step to the left, and has become the odd 
carriage; and one of the front ones & has gone ow*r to 

the back line on the right. The bobbins and carnages 
throughout the whole width of the machine have thus 
crossed each other’s course, and completed the mesh of net. 

“ Page 382, after the words 4 against one of the rods d\' 
substitute this, 4 and moves one of the bars L, L', with its 
points out of the lace before it descends/ 

44 Page 389. 4 A rack is a certain length of work counted 
perpendicularly, and contains 240 meshes or holes. Well- 
made lace has the meshes a little elongated in the direction 
of the selvage.’ The other part of this paragraph I think 
better omitted?’ 


THE END. 


Loo tat Printed toy WjtuMf Clown tad Bomb, BumbnUunL 
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